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PREFACE 


TO  THE 

THIRD  AMERICAN  EDITION. 


In  presenting  this  translation  of  the  eighth  German  edition  of 
v.  Richter’s  “  Organic  Chemistry  ”  the  writer  has  little  to  add  to  what 
has  previously  been  expressed  in  the  prefaces  to  the  preceding  Ameri¬ 
can  editions  of  this  most  successful  book.  The  student  of  the  present 
edition  will,  however,  very  quickly  discover  that  the  subject  matter, 
so  ably  edited  by  Professor  Anschutz,  is  vastly  different  from  that 
given  in  the  earlier  editions.  Indeed,  the  book  has  sustained  very 
radical  changes  in  many  particulars,  and  certainly  to  its  decided  ad¬ 
vantage.  The  marvelous  advances  in  the  various  lines  of  synthetic 
organic  chemistry  have  made  many  of  the  changes  in  the  text  abso¬ 
lutely  necessary,  and  for  practical  reasons  it  has  seemed  best  to  issue 
this  new  edition  in  two  volumes. 

Eminent  authorities,  such  as  Profs,  v.  Baeyer,  E.  Fischer,  Waitz, 
Claisen,  and  others,  have  given  the  editor  the  benefit  of  their  super¬ 
vision  of  chapters  relating  to  special  fields  of  investigation  in  which 
they  are  the  recognized  authorities. 

The  translator  here  acknowledges  his  great  indebtedness  to  his  pub¬ 
lishers,  P.  Blakiston’s  Son  &  Co.,  for  their  constant  aid  in  his  work, 
as  well  as  to  Messrs.  Wm.  F.  Fell  &  Co.,  for  the  care  they  have  taken 
and  the  skill  they  have  displayed  in  the  composition  of  what  will  gen¬ 
erally  be  admitted  to  be  a  difficult  piece  of  typography. 
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PREFACE  TO  SECOND  EDITION. 


The  present  American  edition  of  v.  Richter’s  “  Organic  Chemistry  ” 
will  be  found  to  differ  very  considerably,  in  its  arrangement  and  size, 
from  the  first  edition.  The  introduction  contains  new  and  valuable 
additions  upon  analysis,  the  determination  of  molecular  weights, 
recent  theories  on  chemical  structure,  electric  conductivity,  etc. 
The  section  devoted  to  the  carbohydrates  has  been  entirely  rewritten, 
and  presents  the  most  recent  views  in  regard  to  the  constitution  of 
this  interesting  group  of  compounds.  The  sections  relating  to  the 
tumethylene,  tetramethylene,  and  pentamethylene  series,  the  fur- 
furane,  pyrrol,  and  thiophene  derivatives,  have  been  greatly  enlarged, 
while  the  subsequent  chapters,  devoted  to  the  discussion  of  the  frr o- 


issue  this  translation  so  soon  after  the 
edition. 


as  made  it  possible  for  him  to 
appearance  of  the  sixth  German 
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PREFACE 


TO  THE 

FIRST  AMERICAN  EDITION. 


The  favorable  reception  of  the  American  translation  of  Prof,  von 
Richter’s  “Inorganic  Chemistry”  has  led  to  this  translation  of  the 
“  Chemistry  of  the  Compounds  of  Carbon,”  by  the  same  author.  In 
it  will  be  found  an  unusually  large  amount  of  material,  necessitated 
by  the  rapid  advances  in  this  department  of  chemical  science.  The 
portions  of  the  work  which  suffice  for  an  outline  of  the  science  are 
presented  in  large  type,  while  in  the  smaller  print  is  given  equally 
important  matter  for  the  advanced  student.  Frequent  supplementary 
references  are  made  xo  tne  various  journals  containing  original  arti¬ 
cles,  in  which  details  in  methods  and  fuller  descriptions  of  properties, 
etc.,  may  be  found.  The  volume  thus  arranged  will  answer  not  only 
as  a  text-book,  and  indeed  as  a  reference  volume,  but  also  as  a  guide 
in  carrying  out  work  in  the  organic  laboratory.  To  this  end  numerous 
methods  are  given  for  the  preparation  of  the  most  important  and  the 
m  st  characteristic  derivatives  of  the  different  classes  of  bodies. 
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A  TEXT-BOOK 

OF 

ORGANIC  CHEMISTRY. 


INTRODUCTION. 

While  inorganic  chemistry  was  primarily  developed  through  the 
investigation  of  minerals,  and  was  in  consequence  termed  mineral 
chemistry ,  it  may  be  said  that  the  development  of  organic  chemistry 
was  due  to  the  study  of  products  resulting  from  the  alteration  of  plant 
and  animal  substances.  About  the  close  of  the  last  century  Lavoisier 
demonstrated  that,  when  the  organic  substances  present  in  vegeta  e 
and  animal  organisms  were  burned,  carbon  dioxide  and  water  weie 
always  formed.  It  was  this  chemist  also  who  showed  that  the  com¬ 
ponent  elements  of  these  bodies,  so  different  in  properties,  wer 
generally  carbon,  hydrogen,  and  oxygen,  to  which  some tm^!iPr 
especially  in  animal  substances — nitrogen  was  added.  av[  , 
urther  gave  utterance  to  the  opinion  that  peculiarly  c.on  . 
atomic  groups,  or  radicals,  were  to  be  accepted  as  present  in  o  g 
substances;  while  the  mineral  substances  were  regarded  by  him  as 
lrect  combinations  of  single  elements.  .  ,  j.*es 

As  it  seemed  impossible,  for  a  long  time,  to  prepare  orga  tjiere 

rorn  the  elements  synthetically,  the  opinion  prevai  e  Sllb- 

existed  an  essential  difference  between  organic  and  inor£,  ^rst  as 
stances;  and  this  led  to  the  distinction  of  the  chemistry  o  ieI11jstry. 

rganic  Chemistry,  and  that  of  the  second  as  Inorganic  jiving 
h  ?.  Prevalent  opinion  was,  that  the  chemical  elemen  s  i  njmate 
dies  were  subject  to  other  laws  than  those  in  the  so-ca  tjie 

a  ure,  and  that  the  organic  substances  were  forme  they 

rganism  by  the  intervention  of  a  peculiar  vital  force, 

°u  d  not  possibly  be  prepared  in  an  artificial  way.  ^e  un_ 

r  /act  sufficed  to  prove  these  rather  restrictec  vi >  was  urea 

nded.  The  first  organic  substance  artificially  prepare 
2  i7 
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(Wohler,  1828).  By  this  synthesis  chiefly,  to  which  others  were  soon 
added,  the  idea  of  a  peculiar  force  necessary  to  the  formation  of 
organic  compounds  was  contradicted.  All  further  attempts  to  separate 
organic  substances  from  the  inorganic  (the  chemistry  of  the  simple 
and  the  chemistry  of  the  compound  radicals,  p.  34)  were  futile.  At 
present  we  know  that  these  do  not  differ  essentially  from  each  other  \ 
that  the  peculiarities  of  organic  compounds  are  dependent  solely  on 
the  nature  of  their  essential  constituent,  Carbon;  and  that  all  sub¬ 
stances  belonging  to  plants  and  animals  can  be  artificially  prepared 
from  the  elements.  Organic  Chemistry  is,  therefore,  the  chemistry  of 
the  carbon  compounds.  Its  separation  from  the  chemistry  of  the  other 
elements  is  demanded  by  practical  considerations ;  it  is  occasioned  by 
the  very  great  number  of  carbon  compounds  (about  60,000.  See  B. 
29,  607),  which  far  exceed  those  of  any  other  known  element.  The 
carbon  atoms  unite  readily  with  each  other  to  form  open  and  closed 
rings  or  chains.  This  property  carbon  possesses  to  a  greater  degree 
than  any  other  element.  The  numerous  existing  carbon  nuclei  in 
which  atoms  or  atomic  groups  of  other  elements  have  entered  in  the 
formation  of  organic  derivatives  have  arisen  in  this  manner. 

The  impetus  given  to  the  study  of  the  compounds  of  carbon  has  not 
only  brought  new  industries  into  existence,  but  it  has  caused  the  rapid 
development  of  others  of  like  importance  to  the  growth  and  welfare 
of  the  nation.* 

The  advances  of  organic  chemistry  are  equally  important  in  the  investigation  of 
the  chemical  processes  in  vegetable  and  animal  organisms.  This  is  the  office  of 
Physiological  Chemistry. 


COMPOSITION  OF  CARBON  COMPOUNDS. 

ELEMENTARY  ORGANIC  ANALYSIS. 

Most  carbon  compounds  occurring  in  vegetables  and  animals  con- 
sist  of  carbon,  hydrogen,  and  oxygen.  This  was  demonstrated  by 
Lavoisier,  the  founder  of  organic  elementary  analysis.  Many,  also, 
contain  nitrogen,  and  on  this  account  these  elements  are  termed 
Organogens.  Sulphur  and  phosphorus  are  present  in  some  naturally 
occurring  substances.  Almost  all  the  elements,  non-metals  and  metals, 
may  be  artificially  introduced  as  constituents  of  carbon  compounds  in 
direct  union  with  carbon.  The  number  of  known  carbon  compounds 
is  exceedingly  great.  The  general  procedure,  therefore,  of  isolating  the 
several  compounds  of  a  mixture,  as  is  done  in  mineral  chemistry  in  the 
separation  of  bases  from  acids,  is  impracticable.  The  mixtures  occur- 
r,nir  eS^ble  animal  bodies  are  only  separated  by  special 
methods.  The  task  of  elementary  organic  analysis  is  to  determine, 

*  \\  irthschafthche  Bedeutung  chemischer  Arbeit,  von  H.  Wichelhaus,  1893. 
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qualitatively  and  quantitatively,  the  elements  of  a  carbon  compound 
after  it  has  been  obtained  in  a  pure  state  and  characterized  by  definite 
properties,  crystalline  form,  specific  gravity,  melting  point,  and  boiling 
point.  Simple  practical  methods  for  the  direct  determination  of 
oxygen  do  not  exist.  Its  quantity  is  usually  calculated  by  difference, 
after  the  other  constituents  have  been  found. 


DETERMINATION  OF  CARBON  AND  HYDROGEN. 

The  presence  of  carbon  in  a  substance  is  shown  by  its  charring  when 
ignited  away  from  air.  Ordinarily  its  quantity,  as  also  that  of  the 
hydrogen,  is  ascertained  by  combustion.  The  substance  is  mixed  in 
a  glass  tube  with  copper  oxide  and  heated.  The  cupric  oxide  gives  up 
its  oxygen,  is  reduced  to  metallic  copper,  while  the  carbon  burns  to 
carbon  dioxide,  and  the  hydrogen  to  water.  In  quantitative  analysis, 
these  products  are  collected  in  separate  vessels,  and  the  increase  in  the 
weight  of  the  latter  determined.  Carbon  and  hydrogen  are  always 
simultaneously  determined  in  one  operation.  The  detailsof  the  quan¬ 
titative  analysis  are  fully  described  in  the  text  books  of  analytical 
chemistry.*  It  is  only  necessary  here,  therefore,  to  outline  the  meth¬ 
ods  employed.  Liebig  deserves  much  credit  for  his  elaboration  of 
these  methods  (Pogg.  A.  (1831),  21,  1). 


As  a  usual  thing,  the  combustion  is  effected  by  the  aid  of  copper  oxide  or  fused 
and  granulated  lead  chromate  in  a  tube  of  hard  glass,  fifty  to  sixty  centimetres  long 
(depending  upon  the  greater  or  less  volatdity  of  the  organic  body).  Substances,  which 
burn  with  difficulty,  should  be  mixed  with  finely  divided  cupric  oxide,  finely  divided 
lead  chromate,  or  with  cupric  oxide  to  which  potassium  bichromate  has  been  added. 

The  combustion  tube  is  drawn  into  a  point,  and  the  contracted  end  given  a  bayonet- 
shape  (Liebig),  or  it  is  open  at  both  ends  (Glaser,  A.  Suppl.  7,  213).  Cloez  has 
also  suggested  the  use  of  an  iron  tube  (Z.  anal.  Ch.  2,  413). 

The  tube  is  placed  in  a  suitable  furnace,  which  formerly  was  heated  by  a  charcoal 
fire,  but  at  present  gas  is  exclusively  employed  (A.  W.  Hofmann,  A.  go,  235  ;  107, 
37;  Erlenmeyer,  Sr.,  A.  139,  70;  Glaser,  /.  c.  ;  AnschUtz  and  Kekul6,  A.  228, 
301;  B.  25,2723). 

When  the  tube  has  been  filled,  the  open  end  is  attached  to  an  apparatus  designed 
to  collect  the  water  produced  in  the  combustion.  The  substances  used  to  retain  the 
moisture  are : 

1.  A  U-tube  filled  with  carefully  purified  calcium  chloride,  which  has  been  dried 
at  1800  C. 


2.  Pure,  concentrated  sulphuric  acid  contained  in  a  spiral-shaped  tube,  or  pumice 
fragments,  dipped  in  the  acid,  and  placed  in  a  U-tube  (Mathesius,  Z.  anal.  Ch. 
23,  345). 

3.  Pellets  of  glacial  phosphoric  acid,  contained  in  a  U  -tube.  The  vessel  intended 
to  receive  the  water  is  in  air-tight  connection  with  the  apparatus  designed  to  absorb 
the  carbon  dioxide.  For  the  latter  purpose  a  Liebig  bulb  was  formerly  employed, 
but  later  that  of  Geissler  came  into  use,  and  verv  recently  Delisle  (B.  24,  271)  has 
recommended  a  similar  absorption  vessel.  In  commercial  work  U-tubes,  filled  with 


*  Anleitung  zur  Analyse  organischer  Korper,  J.  Liebig.  2.  Aufl.  1853. 
Quantitative  chemische  Analyse,  R.  Fresenius.  6.  Aufl.,  Bd.  2,  S.  i-lio. 
Chemische  Analyse  organischer  Stoffe,  von  Vortmann. 
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granulated  soda-lime,  are  substituted  for  the  customary  bulbs  (Mulder,  Z  anal 
Ch.  i,  2).  * 

When  the  combustion  is  finished,  oxygen  free  from  carbon  dioxide  is  forced  into 
the  combustion-tube,  or  drawn  through  it  by  means  of  an  aspirator ;  air  being  substi¬ 
tuted  for  it  later,  with  the  precaution  that  the  pieces  of  apparatus  serving  to  dry  the 
oxygen  and  air  are  filled  with  the  same  material  which  was  used  in  the  water-absorbing 
tubes.  As  soon  as  the  entire  system  is  filled  with  air,  disconnect  the  several  pieces 
of  apparatus  and  weigh  them  separately.  The  increase  in  weight  of  the  apparatus 
in  which  the  water  was  collected  represents  the  water  resulting  from  the  combustion 
of  the  weighed  substance,  and  the  increase  in  weight  of  the  bulbs  the  quantity  of 
carbon  dioxide.  Knowing  the  composition  of  water  and  carbon  dioxide,  the  quantity 
of  carbon  and  hydrogen  contained  in  the  burnt  substance  can  readily  be  calculated 
in  percentage. 

Fig.  i  represents  one  end  of  a  combustion  furnace  of  the  type  devised  by  Kekule 


Fig.  i. 


wUh^Klinger calcium  chSride ‘tube' A  tube  V.  This  is  connectec 

U-tube  C,  one  limb  of  which  is  filled  with  pieces  of  Pottash‘b)llb>  joined  to  i 

calcium  chloride.  G  represents  mica-plates  •  th«  *  k  P°tash>  and  the  other  will 
of  the  flame.  E  is  a  section  of  the  iron  tube  in  IhilT1  °f  f  Careful  observatior 
T  is  a  side  clay-cover  placed  over  the  mica-strins  n  •  ,  cornbustlon  tube  v  rests 

the  gutter  into  which  the  gas-pipe,  bearing  th»kS  *  C  ay'cover  for  tbe  toP-  R  i: 
which  it  can  be  removed  for  repair,  etc.  *  burners,  can  be  placed  or  fron 
Fig.  i  also  shows,  above  the  combustion  tube  th»  .  • 
tube,  provided  with  a  Bredt  and  Posth  (A.  28s  ,g’.\ne  a.ntenor  portion  of  a  similai 
the  movement  of  a  drop  of  water  enables  the  annltL^*  j™  ch.loride  tube,  in  whict 
combustion.  B1  is  a  U-tube  filled  with  soda-lime^  a  dete.rm'ne  tbe  rapidity  of  the 
stoppers.  C1  is  a  similar  tube,  filled  one-half  with  .P^ov!ded  wi(h  ground  glass 
calcium  chloride.  soda-lime  and  one-half  witt 

Instead  of  oxidizing  the  organic  substance  with  th» 

with  the  combined  oxygen  of  cupric 
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oxide  or  lead  chromate  the  method  of  Kopfer  may  be  substituted.  In  this  platinum 
black  is  made  to  carry  free  oxygen  to  the  vapors  of  the  substance.  A  much  shorter 
and  more  simple  combustion  furnace  may  then  be  employed.  The  method  is  adapted 
to  the  combustion  of  compounds  containing  the  halogens  (Z.  anal.  Ch.  17,  1). 
Dudley  has  found  that  a  platinum  tube,  having  a  layer  of  granular  manganic  oxide 
in  the  anterior  part,  is  of  great  service  when  substances  are  placed  in  boats  and  ex¬ 
posed  to  combustion  (B.  21,  3172). 

When  ?iitrogen  is  present  in  the  substances  burned,  oxides  of  it  are  sometimes 
produced ;  these  must  be  reduced  to  nitrogen.  This  may  be  accomplished  by  con¬ 
ducting  the  gases  of  tne  combustion  over  a  layer  of  metallic  copper  filings,  or  a 
copper  spiral,  placed  in  the  front  portion  of  the  combustion  tube.  The  latter,  in 
such  cases>  should  be  a  little  longer  than  usual.  The  copper  is  previously  reduced 
in  a  current  of  hydrogen,  then  ignited,  when  it  often  includes  hydrogen,  which  sub¬ 
sequently  becomes  water.  To  remedy  this,  the  copper  after  reduction  in  a  current 
of  hydrogen  is  heated  in  an  air-bath  or,  better,  in  a  current  of  carbon  dioxide  or  to 
200°  in  a  vacuum.  Its  reduction  by  the  vapors  of  formic  acid  or  methyl  alcohol  is 
more  advantageous  ;  this  may  be  done  by  pouring  a  small  quantity  of  these  liquids 
into  a  dry  test  tube  and  then  suspending  in  them  the  roll  of  copper  heated  to  redness ; 
copper  thus  reduced  is  perfectly  free  from  hydrogen. 

It  is  generally  unnecessary  to  use  a  copper  spiral  when  the  combustions  are 
executed  in  open  tubes,  because  nitric  oxide  (NO)  only  is  produced,  and  this  passes 
through  the  caustic  potash  unabsorbed  (B.  22,  3066,  note). 

In  the  presence  of  chlorine ,  bro??iine  or  iodmey  halogen  copper  compounds  (CuX) 
arise.  These  are  somewhat  volatile  and  pass  over  into  the  calcium  chloride  tube. 
The  placing  of  a  spiral  of  copper  or  silver  foil  in  the  front  part  of  the  tube  will  obvi¬ 
ate  this.  When  the  organic  compound  contains  sulphur  a  portion  of  the  latter  will 
be  converted  into  sulphur  dioxide,  during  the  combustion  with  cupric  oxide.  This 
maybe  combined  by  introducing  a  layer  of  lead  peroxide  (Z.  anal.  Ch.  17,  1).  Or 
lead  chromate  may  be  substituted  for  the  cupric  oxide.  This  would  convert  the  sul¬ 
phur  into  non-volatile  lead  sulphate.  In  the  combustion  of  organic  salts  of  the 
alkalies  or  earths,  a  portion  of  the  carbon  dioxide  is  retained  by  the  base.  To  pre¬ 
vent  this  and  to  expel  the  CC2,  the  substance  in  the  boat  is  mixed  with  potassium 
bichromate  or  chromic  oxide  (B.  13,  1641). 

When  carbon  alone  is  to  be  determined  this  can  be  effected,  in  many  instances,  in 
the  wet  way,  by  oxidation  with  chromic  acid  and  sulphuric  acid  (Messinger,  B.  21, 
2910;  compare  A.  273,  15 1). 


DETERMINATION  OF  NITROGEN. 

In  many  instances,  the  presence  of  nitrogen  is  disclosed  by  the 
odor  of  burnt  feathers  when  heat  is  applied  to  the  compounds  under 
examination.  Many  nitrogenous  substances  yield  ammonia  when 
heated  with  alkalies  (best  with  soda-lime).  A  simple  and  very  delicate 
test  for  the  detection  of  nitrogen  is  the  following  :  Heat  the  substance 
under  examination  in  a  test  tube  with  a  small  piece  of  sodium  or 
potassium.  When  the  substance  is  explosive,  add  dry  soda.  Cyanide 
of  potash,  accompanied  by  slight  detonation,  is  the  product.  Treat 
the  residue  with  water ;  to  the  filtrate  add  ferrous  sulphate,  containing 
a  ferric  salt,  and  a  few  drops  of  potassium  hydroxide,  then  apply  heat 
and  add  an  excess  of  hydrochloric  acid.  An  undissolved,  blue- 
colored  precipitate  (Prussian  blue),  or  a  bluish-green  coloration,  indi¬ 
cates  the  presence  of  nitrogen  in  the  substance  examined. 

Nitrogen  is  determined  quantitatively:  (1)  as  nitrogen,  by  the 
method  of  Dumas;  (2 a)  as  ammonia,  by  the  ignition  of  the  material 
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with  soda-lime  (method  of  Will  and  Varrentrap)  •  (2fi) 

by  heating  the  substance  with  sulphuric  acid  according 
tions  of  kjeldahl.  6 


33  ammonia, 
to  the  direc- 


t  *•  Meltod  of  Dumas.— The  substance,  mixed  with  cupric  oxide  is  h.,m^  • 

5Srvs£  ursrs  °f  srdmm  Kreuslerh(z-  rl 

$££  acid.  AV^rSl“ 

filling  in  each  time  with  wb£n  X^e°  (A^gT^oTotef  *'*  th  an.  air  Pu“P* 

"Xn  AemeanSh0f  3  mCrCUry  pump  (Z‘  anal-  Si  ifw)  ^  ^  a'r  1,137 

carbonate  layer  "to"?™0"  1S., ended’  a§fln  aPP]y  heat  to  another  part  of  the  sodium 
entrance^nto  the  graduated  remova  of  all  the  nitrogen  front  the  tube  and  its 
forms  (Zulkowskv  A  182  "ofi  °r  azotometer>  which  may  have  one  of  a  variety  of 

'IS 

potassium  hydroxide  (WiUlner  1  le  baroraetnc  pressure  p  and  the  tension  j  of  the 

•he  surrounding  air!  .he  vlme  ?f.,  o"  '°3A%9  :  W  a.  .he  .empera.ure  /  of 

o  at  o  and  760  mm.  may  be  easily  deduced : 

V.=_  Vt  0>  —  s) 

760  (i  _j_  0.003605  t)  ' 

Multiply  V0  by  0.0012562,  the  weight  ¥  r  . 

the  product  will  represent  the  weioht  ;  *  1  CC'  of  nitrogen  at  o°  and  760  mm. ,  and 

&  11  grants  of  the  observed  gas  volume : 

G= _ Vt  (/  —  d 

76o  (i  -1-  1 .0036657)  X  0.0012562. 

this  quamity.  ^  °f  nitro§en  ln  the  substance  analyzed  can  easily  be  calculated  from 
Instead  of  reducing  the  observe 

pressure  and  the  temperature  at  the  timf^f'tK  Ume  ^rom  tbe  observed  barometric 

/60  mm  and  the  temperature  of  o°  the  reH.  r  exPeriment»  to  the  normal  pressure  of 
paring  the  observed  volume  of  gas  or  v  uctlon  maybe  more  readily  effected  by  com- 
volume  (.00)  measured  a.  76o  mm  and  ”'‘h  Ae  expansion  of  a  nonnal  g» 

Vo  =  V - ,  in  which  v  represents  tlx  u  ^  purPose  employ  the  equation 

tus  recommended  by  Kreusler  (B  ^  V°lume  (l00)-  Tbe  app3ra‘ 

.he^^^-r  «-  r  r in  *  ^ 

is  formed  it  is  collectedPLcxetherhw-;lntlrior  P°rti°n  of  the S'1”’  ??d  dlsPei?se  W,‘h 
absorption  (B.  22.  3065)  &  Uh  the  nitrogen  and*  i«  * ^  If  any  nitr,C  OX'?e 

Consult  the  Z.  anal.  Ch.  i7  40  .  P  subsequently  removed  by 

Meyer,  A.  233,  375  for  methods4  i?v:3  ^flUSer»  ibid. ,  tr  ->rtA  ,  „ 

mined  simultaneously.  ^  "hich  carbon,  hydro/  *’pd>  andjannascli  and  V. 

See  Gehrenbeck  (B.  22,  1604’!  ^  ^Cn’  and  n*tT°gen  aredeter- 

estimation  of  nitrogen  and*  hvdrr.r/)  'len  a  metbod  is  rl^e;  j  /■ 
the  wet  way.  '  S  n  m  cases  where  th^  re\  ^or  the  simultaneous 

e  earbon  was  determined  in 
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For  the  simultaneous  determination  of  carbon  and  nitrogen,  see  Klingemann, 
A.  275,  92. 

2.  Method  of  Will  and  Varrentrap. — When  most  nitrogenous  organic  com¬ 
pounds  (nitro- derivatives  excepted)  are  ignited  with  alkalies,  all  the  nitrogen  is  elimi¬ 
nated  in  the  form  of  ammonia  gas.  Mix  the  weighed,  finely  pulverized  substance 
with  soda-lime  (about  10  parts),  place  the  mixture  in  a  combustion  tube  about  30  cm. 
in  length,  and  fill  in  with  soda-lime.  In  the  open  end  of  the  tube  there  is  placed  a 
rubber  stopper  bearing  a  bulb  apparatus,  in  which  there  is  dilute  hydrochloric  acid. 
The  anterior  portion  of  the  tube  is  first  heated  in  the  furnace,  then  that  containing  the 
mixture.  To  carry  all  the  ammonia  into  the  bulb,  conduct  air  through  the  tube,  after 
breaking  off  the  point.  The  ammonium  chloride  in  the  hydrochloric  acid  is  precipi¬ 
tated  with  platinic  chloride,  as  ammonio-platinum  chloride  (PtCl4.2NH4Cl),  the 
precipitate  ignited,  and  the  residual  Pt  weighed  ;  1  atom  of  Pt  corresponds  to  2  mole¬ 
cules  of  NH3  or  2  atoms  of  nitrogen. 

Or  having  placed  a  definite  volume  of  acid  in  the  apparatus,  the  excess  after  the 
ammonia  absorption  may  be  determined  volumetrically,  using  fluorescein  or  methyl 
orange  as  an  indicator. 

Generally,  too  little  nitrogen  is  obtained  by  this  method.  A  portion  of  the  ammo¬ 
nia  suffers  decomposition.  This  is  avoided  by  adding  sugar  to  the  mixture  of  sub¬ 
stance  and  soda-lime,  and  by  not  heating  the  tube  too  intensely  (Z.  anal.  Ch.  19, 9*)* 
It  is  also  advisable  to  fill  up  the  tube  with  soda-lime  as  far  as  is  possible  (Z.  anal.  Ch. 
22,  280). 

The  method  of  Will  and  Varrentrap  is  made  more  widely  applicable  by  adding 
reducing  substances  to  the  soda-lime.  Goldberg  (B.  16,  2549)  uses  a  mixture  of 
soda-lime  (100  parts),  stannous  sulphide  (100  parts),  and  sulphur  (20  parts) ;  this  he 
considers  especially  advantageous  in  estimating  the  nitrogen  of  nitro-  and  azo-com- 
pounds.  For  nitrates,  Arnold  (B.  18,  806)  employs  a  mixture  of  soda-lime  (2  parts), 
sodium  hyposulphite  (I  part),  and  sodium  formate  (1  part). 

3.  Method  of  Kjeldahl. — The  substance  is  dissolved  by  heating  it  with  concen¬ 
trated  sulphuric  acid.  Potassium  permanganate  is  then  added  until  a  green  color 
appears.  This  treatment  decomposes  the  organic  matter  ;  its  nitrogen  is  converted 
into  ammonia.  After  the  liquid  has  been  diluted  with  water  the  ammonia  is  expelled 
from  it  by  boiling  with  sodium  hydroxide  (Z.  anal.  Ch.  22,  366).  .  This  method  is 
well  adapted  for  the  determination  of  the  nitrogen  of  plants  and  animal  substances ; 
compare  urea.  When  estimating  the  nitrogen  of  nitro-  and  cyanogen  compounds  it 
will  be  found  decidedly  advantageous  to  add  sugar,  and  with  nitrates,  benzoic  acid. 
The  addition  of  potassium  permanganate  will  usually  be  unnecessary,  while  that  of 
mercuric  oxide  is  said  to  be  highly  advantageous  (B.  18,  R.  199,  297).  Pyridine  and 
quinoline  cannot  be  analyzed  by  this  method  (B.  19,  R.  367,  368). 

The  Kjeldahl  method  for  the  determination  of  nitrogen  has  rapidly  become  a  favo¬ 
rite  in  both  scientific  and  technical  work.  The  simplicity  of  operation  and  of  appa¬ 
ratus  has  been  its  chief  recommendation.  A  number  of  parallel  determinations  can 
be  simultaneously  performed  in  this  way.  The  numerous  modifications  of  the 
method,  which  have  been  proposed  to  render  it  generally  applicable,  have  not  yet 
attained  their  aim  and  purpose. 

Note. _ The  nitrogen  of  nitio-  and  nitroso-compounds  can  be  determined  indi¬ 

rectly  with  a  titrated  solution  of  stannous  chloride.  The  latter  converts  the  groups 
NO.,  and  NO  into  the  amide  group,  with  the  production  of  stannic  chloride,  '1  he 
quantity  of  the  latter  is  learned  by  titrating  the  excess  of  stannous  salt  with  an 
iodine  solution  (Method  of  Limpricht,  B.  11,  40). 


DETERMINATION  OF  THE  HALOGENS,  SULPHUR  AND  PHOSPHORUS. 

Qualitative  Detection  :  Substances  containing  chlorine  and  bro¬ 
mine  yield,  when  burned,  a  flame  having  a  green-tinged  border.  I  he  fol- 
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lowing  reaction  is  exceedingly  delicate.  A  little  cupric  oxide  is  placed 
on  a  platinum  wire,  ignited  in  a  flame  until  it  appears  colorless,  when 
a  little  of  the  substance  under  examination  is  put  on  the  cupric  oxide 
and  this  heated  in  the  non-luminous  gas  flame.  The  latter  is  colored 
an  intense  greenish-blue  in  the  presence  of  chlorine,  bromine,  or 
iodine.  More  decisive  is  to  ignite  the  substance  in  a  test  tube  with 
burnt  lime  (free  from  halogens),  dissolve  the  mass  in  nitric  acid  and 
then  add  silver  nitrate. 

lhe  presence  of  sulphur  is  often  shown  by  fusing  the  substance 
examined  with  potassium  hydroxide;  potassium  sulphide  results,  and 
produces  a  black  stain  of  silver  sulphide  on  a  clean  piece  of  silver,  or 
by  heating  the  substance  with  metallic  sodium  and  testing  the  aqueous 
filtrate  for  sodium  sulphide  with  sodium  nitroprusside.  In  estimating 
sulphur  and  phosphorus  ignite  the  weighed  substance  with  a  mixture 
of  saltpeter  and  potassium  carbonate.  The  resulting  sulphuric  and 
phosphoric  acids  are  sought  for  by  the  usual  methods. 


Quantitative  Determination .;  A  hard  glass  tube,  closed  at  one  end,  and  about  33 
CI?,  n,\  en^  ’ 1S  partly  filled  with  calcium  oxide,  then  the  mixture  of  the  substance 
?HWw’  w  °.W?u  byva  •  ayer  of  calcium  oxide.  The  latter  should  be  free  of 
into  m  a  cora^us^on  furnace  ;  after  cooling  shake  its  contents 

haloid  ni  nC  aC'  ’  bCr’  add  sbver  nitrate  and  weigh  the  precipitated  silver 

cart  sodium'rirhni?  ’S  easier>  if  we  substitute  for  lime  a  mixture  of  lime  with  % 
and  in  the  case  of  subs?  °F  1  Part  s.°dium  carbonate,  with  2  parts  potassium  nitrate, 
ble  heated  over  a  jras  t'1CeS  VO  atd,zlng  with  difficulty,  a  platinum  or  porcelain  cruci- 

,95’,295  “d  ,withcr- 

may  be  reduced  by  sulphurous  acid  Th  °  1°™  ’  -but  a^ter  solut‘on  °f the  mass  thl* 
for  estimating  halogens  by  means ' of  1  °f  V°,hard  (A‘  T 

instead  of  the  customary  gravimetric  co?S°niUm  sulPhocyanide  may  be  employed 

andidLTcafboS^Kopp,  ‘*nWM‘  wl,h  iro"’  fel* 

gases  are  conducted  ovei^plaUnized  quartz  satu^  ^|S,r  be  burned  in  oxygen.  .  r1!' 
solutions  (Zulkowsky,  B.  i8,  R  648)  sanc^>  and  the  products  collected  in  suitable 

The  substances  maybe  burned  in  q* 

conducting  the  products  through  a  W?!?6?  combustion  tube  in  a  current  of  oxygen, 
is  placed  in  the  same  tube  and  raised  t  °  8ranular  lime  (or  soda-lime),  which 

nitric  acid,  the  halogens  precipitated  W-i  . t-  Later>  the  lime  is  dissolved  in 
chloride  and  the  phosphoric  acid  (■ lfter  S'  VCr  ,n,trate»  the  sulphuric  acid  by  barium 
uranium  acetate.  Arsenic  may  be  deter????  -°f. the  excess  of  silver  by  HC1)  by 
15,  1  and  16,  1).  Sauer  recommends  collJ?  S1mdarly  (Briigelmann,  Z.  anal.  Cb. 
combustion  of  the  substance,  in  hydrochloric  ! ^,the  sulPhur  dioxide,  arising  in  the 
To  determine  sulphur  and  the  halogen?  W f,  Containing  bromine  (ibid.  12,  V*)- 
(B.  ig,  1910),  the  substance  is  oxidized  in  a  „  he  method  suggested  by  P.  Klason 
yapors.  1  he  products  of  combustion  are  con d ???  °f  oxy£en  charged  with  nitroso- 
sult  Th.  Poleck(Z  anal.  Ch.  22,  1?l)  upoTa  °?erJolls Platinum  foil.  Con- 
mation  of  the  sulphur  contained  in  coal  gas.  method  wh'ch  is  applicable  for  the  esti- 

A  method  of  frequent  use  for  the  ri 
sulphur  and  phosphorus  in  organic  h??termination  of  the  halogens, 
Ch.  1,  240  ;  4,451;  10,  io3;'  LinnemannS  53*at  of  Carius  (Z.  anal. 

’  btd'  Ix»  325  ;  Obermeyer, 


B.  20,  2928). 
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The  substance,  weighed  out  in  a  small  glass  tube,  is  heated  together 
with  concentrated  nitric  acid  and  silver  nitrate  to  150-300°  C.,  in  a 
sealed  tube,  and  the  quantity  of  the  resulting  silver  haloid  (B.  28,  R. 
478,  864)  sulphuric  acid  and  phosphoric  acid  determined.  The  furnace 
of  Babo  (B.  13,  1219)  is  especially  adapted  for  the  heating  of  tubes. 
The  results  by  this  method  are  not  always  reliable  (A.  223,  184). 

In  many  instances,  especially  when  the  substances  are  soluble  in 
water,  the  halogens  may  be  separated  by  the  action  of  sodium  amalgam, 
and  converted  into  salts,  the  quantity  of  which  is  determined  in  the 
filtered  liquid  (KekulS,  A.  Suppl.  1,  340). 

Sulphur  and  phosphorus  can  often  be  estimated  by  the  wet  method. 
The  oxidation  is  effected  by  means  of  potassium  permanganate  and 
caustic  alkali,  or  with  potassium  bichi  ornate  and  hydrochloric  acid 
(Messinger,  B.  21,  2914). 


DETERMINATION  OF  THE  MOLECULAR  FORMULA* 

The  elementary  analysis  affords  the  percentage  composition  of  the 
analyzed  substance.  There  remains,  however,  the  deduction  of  the 
atomic-molecular  formula. 

We  arrive  at  the  simplest  ratio  in  the  number  of  elementary  atoms 
contained  in  a  compound,  by  dividing  the  percentage  numbers  by  the 
respective  atomic  weights  of  the  elements. 

Thus,  the  analysis  of  lactic  acid  gave  the  following  percentage  composition. 


Carbon,  ...... 

Oxygen, . 

.  .  .  40.0  per  cent. 

4  u  (by  difference) 

100.0 

Dividing  these  numbers  by  the  corresponding  weights  (C  —  12,  H  —  I,  O  16), 
the  following  quotients  are  obtained  : — 

400  ,  6^  =  6  6  53  4  =  3-3 

12  65  I  16 

Therefore,  the  ratio  of  the  number  of  atoms  of  C,  H  and  O,  in  the  lactic  acid,  is  as 
3-3 :  6.6  :  3.3  or  1 :  2  :  1.  The  simplest  atomic  formula,  then,  would  be  CH2D; 
however,  it  remains  undetermined  what  multiple  of  this  formula  expresses  the  true 
composition.  The  lowest  formula  of  a  compound,  by  which  is  expressed  the  ratio  o 
the  atoms  of  other  elements  to  those  of  the  carbon  atoms,  is  an  empiric  formula. 
Indeed,  we  are  acquainted  with  different  substances  having  the  empiric  formula 
CHjO,  for  example  oxymethylene,  CHjO,  acetic  acid,  CjH4Oj,  lactic  acid,  C3H6Oj, 
grape  sugar,  0,11^0,,  etc. 

With  compounds  of  complicated  structure,  the  derivation  of  the 


*  Die  Bestimmung  des  Moleculargewichts  in  theoretischer  und  practischer  Bezie^ 
hung,  von  K.  Windisch,  1892. 
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simplest  formula  is,  indeed,  unreliable,  because  various  fx™  , 
be  deduced  from  the  percentage  numbers  by  giving  due  reSf 
possible  sources  of  error  in  observation.  The  true  molecular  fd  °  ^ 
therefore,  can  only  be  ascertained  by  some  other  means  °  tT  3’ 
courses  of  procedure  are  open  to  us.  First,  the  study  of  the  chemii 
reacuon5  aDd  the  derivatives  of  the  substance  under  considerS 
d«e.™>nat,on  of  the  vapor  density  of  volatile  subsla 
IancdeSd  termmmg  CCrtain  ProPerties  of  the  solutions  of  soluble  sub- 


(i)  Determination  of  the  Molecular  Weight  by  the  Chemical 

Method. 

This  is  applicable  to  all  substances.  It  is  generally  very  compli¬ 
cated,  and  does  not  invariably  lead  to  definite  conclusions.  It  con¬ 
sist  in  preparing  derivatives,  analyzing  them  and  comparing  their 
formulas  with  the  supposed  formula  of  the  original  compound.  The 
probleni  becomes  simpler  when  the  substance  is  either  a  base  or  an 
acid,  l  hen  it  is  only  necessary  to  prepare  a  salt,  determine  the 
quantity  of  metal  combined  with  the  acid,  or  of  the  mineral  acid  in 
union  with  the  base,  and  from  this  calculate  the  equivalent  formula. 
A  few  examples  will  serve  to  illustrate  this. 

eei^rarh^^rv^taSn;Ver  S*!u  ^act*c  ac'd  (l^e  s'^ver  salts  are  easily  obtained  pure,  and 
find  ca  8  ner  ronf  'Y*  -?Ut  Water^  and  determine  the  quantity  of  silver  in  it.  We 
of  the  other  ro  Yf0  ^ver>  the  atomic  weight  of  silver  =  107.7,  the  amount 

Whh  °ne  ato“  *  Ag  -  silver  Legate,  may  be 


54-8 


90: 

cs  =  36,  .  .  .  . 

6,.  .  .  ; . . 

os  =  48, . ;  ;  ;  ;  ; . 6-7 

tionDof YheTe2  double  ^Us'traYaf0111116  Salt  ‘S  usua,,y  PrePared-  The  constitu- 

PtCl4.2(NH3HCl)_tL  amrnYnfa  thfT  to,  thaJ  °f  a™™onio-platinum  chloride-- 

platinum  in  the  double  salt  is  determined  ac?d  by  the  base.  The  quantity  of 
the  constituent  combined  with  one  J,  Dy  ‘8nit>on,  and  calculating  the  quantity  of 
found,  subtract  six  atoms  of  chlorine  J?? .  Pt  (l98  Parts)-  From  the  number 
two  ;  the  result  will  be  the  equivalent  or  *7°  ?toms  of  hydrogen,  then  divide  by 
Or,  the  substance  is  subjected  to  reactio^°  CfCU  ar  wei2ht  of  the  base, 
of  its  hydrogen  by  chlorine.  The  simnl  Jt  7  01  ?ar,ous  kinds,  e.g..  the  substitution 
is  CHaO.  By  sub,titution  three  acidsPcan  hV*1*  °f  acetic  acid-  as  described  above, 
treatment  with  nascent  hydrogen  revert  to  YL.lned  from  acetic  acid.  These,  uj>on 

acid'  The)r  *re- 
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Consequently,  there  must  be  three  replaceable  hydrogen  atoms  in  the  acid.  This 
would  lead  us  to  the  formula  C2H402  for  it. 

Knowing  the  molecular  value  of  an  analyzed  compound,  it  will 
often  be  necessary  to  multiply  its  empiric  formula  to  obtain  one  which 
will  express  the  number  of  atoms  contained  in  the  molecule.  This 
will  be  the  empiric  molecular  formula. 


(2)  Determination  of  the  Molecular  Weight  from  the  Vapor 

Density. 

This  method  is  limited  to  those  substances  which  can  be  gasified 
and  volatilized  without  suffering  decomposition.  It  is  based  upon  the 
law  of  Avogadro,  according  to  which  equal  volumes  of  all  gases  and 
vapors  at  like  temperature  and  like  pressure  contain  an  equal  number 
of  molecules  (see  v.  Richter’s  Inorganic  Chemistry).  The  molecular 
weights  are,  therefore,  the  same  as  the  specific  gravities.  As  the  spe¬ 
cific  gravity  is  compared  with  H  =  1,  but  the  molecular  weights  with 
H2  =  2,  we  ascertain  the  molecular  weights  by  multiplying  the  specific 
gravity  by  two.  Should  the  specific  gravity  be  referred  to  air  =  1, 
then  the  molecular  weight  is  equal  to  the  specific  gravity  multiplied 
by  28.86  (since  air  is  14.43  times  heavier  than  hydrogen). 


Molecular  Weight.  Specific  Gravity. 

Air . —  —  1443  1 

Hydrogen,  .  .  .  .  H2  =2  1  0.0693 

Oxygen, . 02  =31.92  *5-96  1.1060 

Water, . H20  =  I7-96  8.98  0622 

Methane,  ....  CH4  =  15-97  7-9^  °-553 


The  results  arrived  at  by  the  chemical  method,  by  transpositions, 
and  those  obtained  by  the  physical  method,  by  the  vapor  density — 
are  always  identical.  Experience  teaches  this.  If  a  deviation  should 
occur,  it  is  invariably  in  consequence  of  the  substance  suffering  decom¬ 
position,  or  dissociation,  in  its  conversion  into  vapor. 

Two  essentially  different  principles  underlie  the  methods  employed 
in  determining  the  vapor  density.  According  to  one,  by  weighing  a 
vessel  of  known  capacity  filled  with  vapor,  we  ascertain  the  weight  of 
the  latter — method  of  Dumas  and  Bunsen.  Or,  in  accordance  with 
the  other  principle,  a  weighed  quantity  of  substance  is  vaporized  and 
the  volume  of  the  resulting  vapor  determined.  In  this  case  the  vapor 
volume  may  be  directly  measured — methods  of  Gay-Lussac  and  A.  W. 
Hofmann  ;  or  it  may  be  calculated  from  the  equivalent  quantity  of  a 
liquid  expelled  by  the  vapor — displacement  methods.  The  first  three 
methods,  of  which  a  fuller  description  may  be  found  in  more  extended 
text-books,*  are  seldom  employed  at  present  in  laboratories,  because 
the  recently  published  method  of  V.  Meyer,  characterized  by  sim- 


*  Consult  Handworterbuch  der  Chemie,  Ladenburg,  Bd.  3,  244. 
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plicity  in  execution,  affords  sufficiently  accurate  results  for  all  ordin 
purposes.  -v 

Method  of  Victor  Meyer.— Vapor  density  determination  by  air  displacement  * 
According  to  this  a  weighed  quantity  of  substance  is  vaporized  in  an  enclosed  space 
when  it  displaces  an  equal  volume  of  air,  which  is  measured.  Fig.  2  represents  th 
apparatus  constructed  for  this  purpose.  It  consists  of  a  narrow  glass  tube,  to  which 
is  fused  the  cylindrical  vessel,  A.  The  upper,  somewhat  enlarged  opening,  B  k 
closed  with  a  caoutchouc  stopper.  There  is  also  a  short  capillary  gas-delivery  tul* 
C,  intended  to  conduct  out  the  displaced  air.  It  terminates  in  the  water  bath,  D 

The  substance  is  weighed  out  in  a  small  glass  tube 
provided  with  a  stopper,  and  vaporized  in  A.  The 
escaping  air  is  collected  in  the  eudiometer,  E.  The 
vapor-bath,  used  in  heating,  consists  of  a  wide  glass 
cylinder,  E,f  whose  lower,  somewhat  enlarged  end, 
is  closed  and  filled  with  a  liquid  of  known  boiling 
point.  The  liquid  employed  is  determined  by  the 
substance  under  examination  ;  its  boiling  point  must 
be  above  that  of  the  latter.  Some  of  the  liquids  in 
use  are  water  (loo°),  xylene  (about  140°),  aniline 
(184°),  ethyl  benzoate  (2130),  amyl  benzoate  (261°), 
and  diphenylamine  (310°). 

The  vapor  density,  S,  equals  the  weight  of  the 
vapor,  P  (afforded  by  the  weight  of  the  substance 
employed),  divided  by  the  weight  of  an  equal 
volume  of  air,  P' — 

S  =  _P. 

P' 

I  c.cm.  of  air  at  o°  and  760  mm.  pressure  weighs 
0.001293  gram.  The  air  volume  Vt,  found  at  the 
observed  temperature  is  under  the  pressure  p  — 
in  which  p  indicates  the  barometric  pressure  and  s 
the  tension  of  the  aqueous  vapor  at  temperature  t . 
The  weight  then  would  be — 

P/  =  0.001293.  Vt.  1  - 


I  -f-  0.00367  / 
Consequently  the  vapor  density  sought  is — 

s  =  p  (*  +  0.00367  /.)  760 

0.001293.  Vt  {p—s) 


760 


4 


Fig.  2. 


The  displaced  air  may  be  collected  in  the  gasbaro- 
scope  (compare  p.  22).  (B.  27,  2267.) 

saUrfaclory^W/^dthoi^h  pe^.' 

inaccuracy  may  arise  in  the  method  in  filline  in  t ,  dl^erences  discarded.  A  gre 
air  is  apt  to  enter  the  vessel.  L.  Meyer  ?B  S  ST  as  described>  bec8"f 
Mahlmann  ( ibid.  18,  1624),  and  V.  Meyer  and  Bill w P'  I3’  fJi 
different  devices  to  avoid  this  source  of  error  Tn  2r*  6^8)  have  suggest 

_ _ _ _ *  0  the  decomposability  of  tne 

*  B.  11,  1867,  2253.  fB.  19,  1862. 

t  It  is  simpler  to  make  the  reduction  to  760  mm  ^  . 

normal  volume  (p.  22).  "  and  0  by  comparison  with  a 
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substance  at  the  temperature  of  the  experiment,  heat  a  small  portion  of  it  in  a  glass 
bulb  provided  with  a  long  point  (B.  14,  1466). 

Substances  boiling  above  300°  are  heated  in  a  lead-bath  (B.  11,  2255).  Porcelain 
vessels  are  used  when  the  temperature  required  is  so  high  as  to  melt  glass,  and  the 
heating  is  conducted  in  gas  ovens  (B.  12,  1 1 12).  Where  air  affects  the  substances 
in  vapor  form,  the  apparatus  is  filled  with  pure  nitrogen.  (Compare  B.  18,  2809;  21, 
688.)  When  the  substances  under  investigation  attack  the  porcelain,  tubes  of  platinum 
are  substituted  for  the  latter.  These  are  enclosed  in  glazed  porcelain  tubes,  and  heated 
in  furnaces  (B.  12,  2204;  Z.  phys.  Ch.  1,  146  ;  B.  21,688).  This  form  of  appa¬ 
ratus  allows  of  the  simultaneous  determination  of  temperature  (B.  15,  141 ;  Z.  phys. 
Ch.  1,  153). 

For  modifications  in  methods  of  determining  the  density  of  gases,  consult  V. 
Meyer,  B.  15,  137,  1161  and  2771 ;  Langer  and  V.  Meyer,  Pyrotechnische  Untersuch- 
ungen,  1885;  Crafts,  B.  13,  851,  14,  356,  and  16,  457.  For  air-baths  and  regula¬ 
tors  see  L.  Meyer,  B.  16,  1087  ;  17,  478. 

Modifications  of  the  displacement  method,  adapted  for  work  under  reduced  pres¬ 
sure,  have  been  proposed  by  La  Coste  (B.  18,  2122),  Schall  (B.,  22,  140  »  27, 

R.  604),  Eyckmann  (B.  22,  2754),  V.  Meyer  and  Demuth  (B.  23,  311;  Richards 
(B.  23,  919,  note),  Neuberg  (B.  24,  729,  2543).  co  ,  T 

For  the  method  of  Nilson  and  Pettersson,  see  B.  17,  987  and  19,  R.  88;  also  J. 
pr.  Ch.  33,  I.  See  B.  21,  2767,  for  the  method  of  Biltz. 


(3)  Determination  of  the  Molecular  Weight  of  Substances  when  in 

Solution. 

1.  By  Means  of  Osmotic  Pressure.— Recently  van ’t  Hoff  (Z. 
phys.  Ch.  1,  481;  3,  198;  B.  27,  6)  has  developed  an  exceedingly 
important  theory  in  regard  to  solutions.*  According  to  this  new  idea 
chemical  substances,  when  in  dilute  solution,  exhibit  a  deportment 
similar  to  that  observed  when  in  a  gaseous  or  vapor-form ;  therefore, 
the  laws  applicable  to  gases  (Boyle,  Gay-Lussac,  and  Avogadro) 
possess  the  same  value  for  solutions.  We  know  that  the  gas-particles 
exert  pressure,  and  it  is  also  true  that  the  particles  of  compounds, 
when  dissolved,  exert  a  pressure,  which  is  directly  expressed  or  shown 
by  the  osmotic  phenomena,  and  hence  it  is  termed  osmotic  pressure. 
This  pressure  is  equal  to  that  which  would  be  exerted  by  an  equal 
amount  of  the  substance,  if  it  were  converted  into  gas,  and  occupied 
the  same  volume,  at  the  same  temperature,  as  the  solution.  Solutions 
containing  molecular  quantities  of  different  substances  exert  the  same 
osmotic  pressure.  It  is,  therefore,  possible,  as  in  the  case  of  gas- 
pressure,  to  directly  deduce  the  molecular  weight  of  the  substances  in 
solution  from  this  osmotic  pressure. 


Pfeffer  determines  osmotic  pressure  by  means  of  artificial  cells,  having  semi- 
permeable  walls.  If  suitably  modified  this  method  promises  to  be  of  wide  applica- 

b,hTh Vries  (Z.  phys.  Ch.  2  415). ^  employed  in  determin¬ 
ing  osmotic  pressure,  is  based  upon  the  use  of  living  plant  cells 

To  calculate  the  molecular  weight,  make  use  of  the  general  ^^a  for  gcalcu. 
pv  =  RT,  in  which  R  represents  a  constant,  and  1  the  absolute  temperature,  ca 


*  See  Ostwald’s  Grundriss  der  allgemeinen  Chemie,2.  Aufl..l890  ;  Lothar  Meyer, 
Grundziige  der  theoretischen  Chemie,  2.  Aufl.  1893. 
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lated  from  —  2730  forward.  If  this  equation  is  also  to  include  th*  1  , 

(that  the  molecular  weights  of  gases  or  dissolved  substances  occudv  th*  °f  Av°^« 
at  like  temperature  and  pressure),  then  molecular  quantities  of  the  snhJT®  V°luo,e 
always  be  taken  into  consideration.  rl'he  constant  equals  Lc™  L  b  tances 
lar  weights  (2  grams  hydrogen,  or  31.92  grams  oxygen!  at  the  t  °f  ^,am  m°'ecu- 
2730),  and  the  pressure  (gas  or  osmotic  pressure)  of  76  cm.  of  °° (or 

p  .  v  =  84500  .  T  * 

v  represents  the  volume  corresponding  to  the  gram  molecular  weight  (v=_ 

which  a  is  the  weight  in  grams  of  I  c.cm.  of  the  gas  or  dissolved  suhsta  * 
tamed  in  1  c.cm.  of  the  solution).  Substituting  figj.es  the  formula  would  read*.- 

P  •  13.59  X  — =  84500  (273  -ft),  with  the  four  variables  p,  M,  a  and  t.  If 

£rlC:_  be  CaICUlated-  CO—> * 

M  =r  a  -  84500  (273  4- 1)  _  a  .  6218  (273  -j-  t) 

P  •  13-59  p  ' 

BonwrpSinthe  Tk°Trin^  °f  r\e  Vapor  Pressure  or  the  Elevation  of  the 
osmotic  nressure  t)6-  °'\enng  l^e  vaP°r  pressure  of  solutions  is  closely  allied  to 
lower  vannr  nr*  /r/f  known  fact  that  solutions  at  the  same  temperature  have  a 

"ss:i£::rpu?hr!vent  (a  and  -- qrtfbn  at a  more 

!°u 1 of  :he  subst"nc; 

^  ^  in  which  k  represents  the  if  relative  lowering  of  the  vapor 

pressure”  ^  \  »■ 

\  f  )  °r  1  cen*‘  solutions,  and  g  their  percentage  content. 

ties  of  the  substances  *i°*  t0  ®,?U,a^  9aantities,  but  rather  to  molecular  quanti- 

(those  containing  molecular  nC  ’  t**™1  rbe  d*spovered  that  equi-molecular  solutions 
the  same  solvent)  show'  enmnUantl.leS  different  substances  in  equal  amounts  in 

stant J  W  equal  ^’enng-the  molecular  vapor  pressure  lowering  is  con- 


M 


f  —  V 


C. 


I 

Again,  on  comparing  the  relnt"  i 

it  will  be  found  also  that  they  are^  0've.r‘nS  of  vapor  pressure  in  different  solve 
solved  in  molecular  quantities  J  fn’,  equal  amounts  of  the  substances  are 
read  :  The  lowering  of  vapor-nressur*  ?°4veiJt-  1°  its  broadest  sense  the  law  w< 
number  of  molecules  of  the  dissolved'^J16/ Va^°r"Pressure  t,ie  solvent (f)  as 
(n  +  N)  SO,Ved  body  („)  is  to  the  total  number  of  molec 


Substituting  the  quotients  JL  and  G 

m  M- 


(g  and 


G  represent  the  weight  quantities 


*R=Et-;  p  =  .033 


76  X  >3-59  (sp.  gr.  of  m  .  , 

c.00, (w,.  of  ,  o,m.  „f  o^  R  =  IOJ3  x  j)  -  “330 -  3 

*73 


feHrira»r atv/jt  0*  iihf.  MOLCtrutx  w»Arr.-  ji 

of  tee  MUUMe  *s/i  tee  v/r^U;  m  a.o'  K  ace  teear  ■>lfrda-  for  x  stcr: 

X,  k  w;'  -/e  easy  v>  cakwla* e  tee  fc.  wu?  we^  .a. 

F.  M  Vaoelt  <t&ijj)  4»e/**id  te«*  rx>t  fs^ridfy.  V/a  faaahts  t 
IMf  *Z  poys.  Cb-  J,  IIS;  dedaued  tae*  tenwrter  ij  fa—  tee  vmrx*,  pveamur 
They  ace  o*Jy  «f  rxie  for  —  vrAv v e  >'a*  cceapa rec  r  -fc  tee  ^.rea  nteauei 
or  Mdi  u  vkat-fixe  vite  d$3bca*zj.  Tbe  mok  aomamakie*  Btmi.rwei  txi  rjmwjw. 
pre *••?«  aayJ  cepremaon  3  a  tee  freeway  pvhet  i-  f*  x.-saz  sere. 

The  neteii  for  tee  «f  »^r  preare  are  vet  Ivs  fitde  br/rt  201 

primitive  in  teesr  eatsre  ti  be  applied  *•  tee  prac-teal  drtt,  ■aiWwf  »veajr 
vdjptt  K.  22,  I  V14  ;  Z-  pr.ys,  Ck  4,  53^  .  It  tt  eaaaw  'i  ceresre  tee  n«  a 
tee  U/.-lag  pent*;  tea  b  kto  &vr»  re-^tee  fBeekmi«i,  Z.  pkys-  (i  4,539  ',  «. 
437;  8,  223  ;  15,  656;  B.  27,  *L  727;  28.  B.  43*V 

Method  of  Beck  mar.  el — A  uu..  teak  'Fig  3  provider:  v-jte  three  a'y^irs  s 
wed  u  tee  boflag  vessel.  A  p.  larinaat  wire  a  is  faei  Btr>  ti  y/i*.  T— 1  acst,- 
eraies  tee  UaSogp.  Tbe  tei  is  Lied  cee-tef  (/  with  glass  beads  Tx  vide 
Hde-tee  Z>  tappcrtt  aa  accsrz ts.  ‘j^rwr/mtija  fWaMcnfa  ,  vises  re»:bes  ate 
contests  of  tee  vessel.  I-alerks  wercm-y  reservoir  is  vhoCy  teaeiei  a  tee  fcieat. 
Tbe  coodeoaer  Zf  is  fixed  in  f  ,  so  text  tee  vapors  can  ocly  reads  it  tkm^i  tee 
opening  k.  Its  lover  end  sbooid  termtea:*  atet  I  cm  above  tse  gbm  pearls,  m 
order  te»*  riling  tapcr-tr.i>bJa  do  not  reci  tee  re¬ 
turning  liquid.  Tbe  &k,  closed  wish  is 

carefej>  weighed  to  centigrams.  and  tee  solvent 
introduced  until  its  level  is  at  c.  Its  tjaantey  is 
focnd  by  reweighing.  Tbe  boding  Teael  is  nov 
sarroanded  by  an  asbestos  owrtr,  tiled  oat  above 
vhh  cotton,  bat  vite  an  exposed  U*u».  Tbe 
retorn-tabe  ^  is  ctamected  vite  a  Sox  1  let  lc.> 
cooler  or,  if  tbe  metal  is  Slacked,  vid*  an  cvdicary 
Liebig  condenser.  Note  tbe  boiling  pc«st  of  tbe 
solvent,  and  after  the  introdaction  of  tbe  substance 
through  the  tube  C,  determine  tbe  baling  point  a 
t ecxmd  time.  In  this  vaj  we  ascertain  tbe  rise  in 
boiling  point  Beckmann  bas  so  mcdaned  this  ajpa- 
ratos  as  to  make  it  applicable  to  solvents  having  high 
boiling  points  Z  phys-  Cb_  8, 223;.  S-  AnreniK  -as 
deduced  a  formula  for  moiecular  rise  in  boiling  point, 
which  is  perfectly  analogous  to  teat  deduced  ter  ran  t 
Hoff  for  the  molecular  depression  of  the  freezing 

T* 

point  The  molecular  rise  d  is :  d  =  o  02. 

in  which  T  represents  the  absolute  boiling  point,  and  w  tee  heat  01  evaporatem  of 
the  sol  rent.  Upon  dissolving  1  grammofcscule  of  a  substance,  L  e.%  if  tee  mole¬ 
cular  weight  of  tbe  body  is  m,  with  m  g  of  it  in  1 00  grams  of  solvent,  tbe  boiling 
point  will  be  raised  about  d°,  upon  dissolving  pg  of  the  substance  in  100  gr.  of 

solvent  about  dj  —  d.  from  which 

ID 

d 

m  =  P-—  - 

<*1 


In  this  equation 

p  =  the  weight  (in  grams)  of  the  substance,  dissolved  in  ioo  grams  of  the  solvent, 
d  =  molecular  rise  in  boiling  point 


dj  =  observed  rise  in  boiling  point. 

The  molecular  elevation  of  the  boiling  point  in  the  case  of  ether  is  2I.I3,  of 
chloroform  36.6°,  and  of  acetic  acid  25.3°. 
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cufar  wdgtehof  dS^Ve^//6621^  Point. -The  raoi, 
deduced  from  the  depression  of  the  f  re  more  accurately  and  readily 
Blagden  in  .  788  and  RUdorff  in  .M,  fng  TZ*  °[  ‘^'solutions’ 
the  freezing  points  of  crv^n^Ki  ’  f°Und  that  ‘he  depression  of 
benzene  aLPXial  acett  •  en'S’ °r  f  balances  (as  water, 
substance  dissolved  by  them  The  '1  Proportlo"al  t0  the  quantity  of 

and  especially  those ’of  Raoul  t^ffft^t'frheSearC^1fi-°L^0PPet 

when  molecular  ouint;tieT!f  !-tr  88  h.  e  established  the  fact  that 
same  amount ^  of  a  solvent  Ihe  T"'  suubstances  a"=  dissolved  in  the 
freezing  points  (Law  of  Raoult/  If  /  Sa'”e  depression  m  their 
duced  bv^oramsofmihQtQn  •  ‘  ^  rePresents  the  depression  pro- 

a  Dy/0rams  of  substance  in  100  grams  of  the  solvent,  the  co-efficient 

0  depression  _  will  be  the  depression  for  r  gram  of  substance  in  100 

obtained  by  mukinlvin^  th^Ii6  m0^‘cu^ar  depression  is  the  product 

weight  of  [he  dissolved  aXtances^Th0’^0'6111  a‘>d  ‘H  m°  nX 
stances  having  the  same  solvent?!!  h  3  constant  for  a“  sul> 


M 


=  C. 


for  benzene  49  ;  Sr  ^LciaracS  C°nSt-!int  t0  have  the  following  values: 

constant  is  known  thf  mofecnffir'0  -39  ;  f°r  Water  *9-  When  the 

molecular  weight  is  calculated  as  follows  :  — 


M  =  c  P  . 


A.  comparison  of  the  constantQ  f  .  . 

that  they  bear  the  same  ratio  to  each  I°r  different  solvents  will  disclose  the  fac 
quently  the  quotient  obtained  from  th<»  °  fr  *be  m°lecular  weights — that  conse 
is  a  constant  value  (about  0.62)  It  m^0  ecu  ar  depressions  and  molecular  weight 
of  any  one  substance  dissolved  in  icy?  m?’  e*pressed  differently,  that  the  moleculi 
dincation  very  nearly  0.62.  0  ecu*es  of  a  liquid  lowers  the  point  of  soli 

Guldberg  (1870)  and  van ’t  Hoff  (tRk\  l 
of  these  laws  from  the  lowering  of  the  vapor  ^  S‘nCe  made  a  theoretical  deductior 
The  constant  C  is  obtained  for  «i  .  pressure,  and  from  the  osmotic  pressure 
„  _ .  „  ’  lhe  Vln°"S  -bants,  from  tha  fonun.a  0.02 1! 


TT  tne  lormuJa  0.02 

Here  T  indicates  the  temperature  of  solids  ■  w 

absolute  zero-point  forward  ;  w  is  its  latent  fr  the  solvent  calculated  from  th 

calculated  the  constants  for  benzene  (53)  \Cetif  ^  I«  this  way  van  ’t  Hof 
above>-  3Cet,C  acid  (38.8),  and  water  18.9  (se 


The  laws  just  described  possess  a  d- 
stances,  having  but  slight  chemical  activi^  Val”6  for  indifferent  sub 
— - - — - — - JjSalts,  strong  acids  anti 


*  Arrhanius  (Z.  phys.  Ch.  2,  493)  oZZTTT  - - 

in  grams  of  tha  substances  co„tai„ed  j„  IOO  c .c  t  “S,  "imi  *hUm‘  W 
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bases  (all  electrolytes)  constitute  the  exceptions.  The  depressions  in 
freezing  point  are  greater  for  these  than  their  calculated  values  (they 
also  have  greater  osmotic  pressure,  and  greater  lowering  of  the  vapor 
pressure )•  1  he  electrolytic  dissociation  theory  of  Arrhenius  (Z.  phys. 

Ch.  I,  631,  577 ;  2,  491 ;  B.  27,  R.  542)  would  account  for  this  by 
the  assumption  that  the  electrolytes  have  separated  into  their  free 
ions.  However  even  the  indifferent  bodies  exhibit  many  abnormali¬ 
ties— generally  the  very  opposite  of  the  ordinary.  These  seem  to  be 
due  to  the  fact  that  the  substances  held  in  solution  had  not  completely 
broken  up  into  their  individual  molecules.  The  most  accurate  results 
are  obtained  by  operating  with 
very  dilute  solutions,  and  by 
employing  glacial  acetic  acid  as 
solvent.  This  dissociates  solids 
most  readily. 

Various  forms  of  apparatus  suitable 
for  the  above  purpose,  and  methods  of 
working  have  been  proposed  by  Au- 
wers,*  Hollemann  (B.  21,860),  Hent- 
schel,f  Beckmann, f  Eykmann,  \  Klo- 
bukow,  ||  and  Baumann  and  Fromm 
(B.  24,  1431). 

Beckmann’s  Method. — A  hard 
glass  tube,  A ,  2-3  cm.  in  width,  side 
projection  E  (Fig.  4),  is  filled  with 
I5“2°  grams  of  the  solvent  (weighed  out 
accurately  in  centigrams),  and  closed 
with  a  stopper,  in  which  are  placed  an 
accurate  thermometer  (Walferdin),  and 
a  stout  platinum  wire  serving  as  a  stir¬ 
ring  rod.  The  lower  part  of  the  tube 
is  attached  by  means  of  a  cork  to  a 
somewhat  larger,  wider  tube.  The 
latter  serves  as  an  air-jacket.  The  en¬ 
tire  apparatus  projects  into  a  beaker 
glass  filled  with  a  freezing  mixture. 

Cold  water  will  answer  for  glacial  acetic 
acid  (congealing  at  160),  and  ice-water 
for  benzene  (about  50).  First  determine 
the  congealing  point  of  the  solvent  by 
cooling  it  1-2°  below  its  freezing  point,  and  then  by  agitation  with  the  plati¬ 
num  rod  (after  addition  of  platinum  clippings),  induce  the.  formation  of  crystals. 
During  this  operation  the  thermometer  rises,  and  when  the  mercury  is  stationary  it 
indicates  the  freezing  point  of  the  solvent.  Allow  the  mass  to  melt,  and  introduce 
an  accurately  weighed  amount  of  substance  through  E.  When  this  has  dissolved 
the  freezing  point  is  re-determined  as  before  (B.  28,  R.  412). 

Eykmann’s  Method. — (A.  273,  98).  By  this  method  it  is  possible  to  use 
smaller  amounts  of  solution  (6-8  grams)  and  substance.  This  is  done  by  using 
phenol  (m.  p.  about  38°),  as  the  solvent.  Its  molecular  depression  has  been  theo¬ 
retically  deduced;  it  is  about  76  (see  above).  Fig.  5  represents  the  form  of  appa- 


*  B.  21,  71 1 ;  |  Z.  phys.  Ch.  2,  307  ;  J  Ibid .  2,  638 ;  g  Ibid.  2,  964  ;  ||  Ibid.  4,  IO. 
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ratus  proposed  by  Eykmann.  It  is  nothing  more  than  n,d. 

one  ot  which  a  thermometer  is  fixed,  and  over  the  other  is  placed  a^rou^!^5’ in 

in  23u£  28'  804  f“  *  ““  °f  dolecular^veighlsfrom  t^U 

B.  29"  io23determinati0n  °f  moleCular  wei^ht  from  molecular  solution-volume  see 


the  chemical  constitution  of  the  CARBON 

COMPOUNDS. 

electrical  forces  ^ctfm^T!!6  l -° tl” '°n  u* at  cause  of  chemical  affinity  resided  in 
remarkable  decomnnsitin  'S11  Ir>  the  commencement  of  this  century,  when  the 
current  were  dismvere  |I1S  n  c  iemica'  bodies,  through  the  agency  of  the  electric 
different  electrical  nnl  v  *  Taf  assumed  fbat  the  elementary  atoms  possessed 

rud  the  f,ementS  Were  arranb-d  in  a  series  according  to 
electricities  The  />  r  r  •  .^emi5a.  uni°n  depended  on  the  obliteration  of  different 

composed  of  two  crr™^  i  S-  ^cc°rdmg  to  it,  every  chemical  compound  was 

two  different  groupf  or  demeSnCaThdiffeifnt’  -theSe  WerC  further  made  up  °f 

positive  bases  (metallic  ^  'a  \  .^  ]ms>sa^ts  were  viewed  as  combinations  of  electro* 

these,  in  turn,  were  held*  to^  lie  h!^  eleCtroneSative  acids  (acid  anhydrides),  and 
metals.  With  this  basis  tv.  binary  compounds  of  oxygen  with  metals  and  non- 
of  Berzelius.  This  prevailed  Iwsr  COD?trVctfd  the  electro-chemical, ,  dualistic  theory 
The  principles  oredom  15  S-  excIus!vely  in  Germany  until  about  i860, 
substances.  It  was  thought  tw1-1  inorSanic  chemistry  were  also  applied  to  organic 
and  played  the  same  r61e  that  thl  T  ^  latter  comPlex  groups  (radicals)  pre-existed, 
was  defined  as  the Chemist rv  5 1  CmentS  did  in  mineral  matter.  Organic  chemistry 
chemical -radical  theory  which  fl  ^  9omP°.un(i  radicals  (Liebig,  1832),  and  led  to  the 
chemical  theory.  According  to °.Vr.1S1^  ,n  Germany  simultaneously  with  the  electro- 
investigation  and  isolation  of  raHi  \S  v.lew’  object  of  organic  chemistry  was  the 
intimate  components  of  the  oroan^  S>  m  sense  °f  the  dualistic  idea,  as  the  more 
explain  the  constitution  of  the  lattJr  cor??°'lnds,  and  by  this  means  they  sought  to 
Benzoesaure,  A.  3,  240 ;  Bunsen  *  tT v le^)1S  a°d  Wohler,  Ueber  das  Radical  der 
37*  1  ;  42»  14;  46,  i.)  ’  e  er  Kakodylverbindungen,  A.  31*  *75> 

In  the  meantime,  about  18^0  F 

electro-chemical,  dualistic  theory  ?ntributed  facts  not  in  harmony  with  the 

compounds,  could  be  replaced  (substinw  a? 1°  that  the  hydrogen  in  organic 

pparent  change  in  the  character  of  the  ^  chlorine  and  bromine,  without  any 
thpSe?SCr  e(ia  ^em*cal  function  similar onipounds.  To  the  electro-negative  halogens 
bv  a  y0  Ch?tmiCal  hyp»tk«i5°0 T.  '  „  'lectro  po^ilive  hydrogen  This  showed 
chenS  .Z  y'°T  Wing  aside  a"  ,The  dualist  idea  was  superseded 

accordance  ^e  chemical  compounds  h  Pr,mit,ve  speculations  on  the  nature  of 
elemems  conTd  L  “«*«nlc 3  Sonfe"  ">  be  look'd  »P°"  «  constituted  .» 

So  ky  others  (£E  t which  the  individual 

types.  lie  considered wever,  distinguished  ,  le°ry  °**  Pumas*  nucleus  theory  of 
species,  when  thev  r>  su^stances  to  have  the  Sa  660  types  and  mechanic al 

acetic  acids.  Like  like  fundamental  ^  chemi.cal  lype,  to  be  of  the  same 

belonged  to  the  same  ^nau  1  be  said  they  we  propert'es,  e.  g  acetic  and  chlor- 
same  natural  family,  Xln  T  °f  the  mechanical  type. 

’  60  they  were  related  in  structure  but 
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manifested  a  different  chemical  character*  alcohol  and  acetic  a/  id.  At  the  same 
time  the  duaiietic  view  on  the  j/rc  c/itteo'c  of  r*/Ji'.a!*  wa*  refuted, 

'I  he  correct  e*tabli»bment  of  the  idea*,  ttjuivaltnl,  atom  and  molt'ul'  (l .aarer/ 
and  Gerbardt),  was  an  important  consequence  of  the  typical  urn 'ary  idea  of  chemical 
compounds.  J5y  means  of  it  a  correct  foundation  *w  laid  for  for ther  genera.  zation, 
'lire  molecule  having/  been  determined  a  chemical  unit,  the  atudy  of  the  grouping  of 
atom*  in  the  molecule  became  potsil/le,  and  chemical  constitution  could  again  le- 
more  closely  examined.  The  investigation  of  tire  reaction*  of double  de/e/mpowtion, 
whereby  single  atomic  groups  (radicals  or  residue*)  were  preserved  and  o/t.d  be 
exchanged  (Gerbardt);  the  Important  discoveries  of  the  amines  cv  v.b%«itated 
ammonia*  l/y  VVUrtX  (184//),  and  Hofmann  (1849) ;  the  et/och  making  research' of 
Williatmon  and  Chancel  f  185/0,  upon  the  composition  of  ether*,  and  the  discovery 
r/f  a/.id  forming  oxide*  by  f/erhardt  f  18,1; — led  to  a  “type"  explanation  of  the 
individual  da*  < »  of  compound*.  Williamson  referred  the  alcohol*  and  ether*  to  the 
water  type.  A,  W.  Hofmann  deduced  the  substituted  ammonia*  from  ammonia. 
'1  he  "  type"  idea  found  it*  culmination  in  the  type  theory  of  Gerhardt  ( 1853;,  which 
wa*  nothing  more  than  an  amalgamation  of  the  early  type  or  substitution  theory  r/f 
I  Juntas  and  Laurent  with  the  radical  tlter/ry  r/f  iierzelitts  and  Liehig,  'I  he  molecule 
wa*  it*  ba*i* — and  to  it  there  wa*  attached  a  more  extended  grouping  of  the  atom* 
in  the  molecule.  The  conception  of  radical*  l>ecatne  different.  They  were  no  Jr/riger 
regarded  a*  atomic  grout*  that  could  l/e  isolated  arid  compared  with  elements,  Lot  at 
molecular  residue*  which  remained  unaltered  in  certain  reaction*. 

Comparing  the  caribou  compound*  with  the  simplest  inorganic  derivative*,  Ger- 
hardt  referred  them  to  the  following  principal  fundamental  form*,  or  types; — 


111  a\ 

H  /  11/ 

Hydrogen,  llydrocm 

Chloride, 


Water, 


HI 
11  N 
Hj  , 

AmdXifiia, 


From  these  they  could  l>e  ol/Uioed  by  substituting  the  compound  radical*  for 
hydrogen  atoms,  All  compounds  that  could  be  viewed  a*  consisting  of  two  directly 
combined  grouj/*  were  referred  to  the  hydrogen  arid  hydrogen  chloride  types,  r,  %.  / — 


SI1  / 

Ethyl 

Hydride, 


c''h) 

Ethyl 

Chloride, 


CN1 

H/ 

Cyanogfrii 

Hydride, 


..Ethyl 

Cyanide, 


C,H/> 


/n 

a/ 


Aretyl 

Chloride, 


It  is  customary  to  refer  all  those  bodies  derivable  from  water  by  the  replacement 
of  hydrogen,  to  the  water  type ; — 

C,H,  1  ,,  C,H,01o  C,Htl  n 

H/°  II )°»  cA)° 

Alcohol,  Acetic  Acid,  Ethyl  Ether, 


w° 

tlic  Anhydride, 


Associated  types  were  included  with  the  principal  types.  Thus,  with  the  funda- 

/M  .  t  J  | 

mental  type  j'j  !■  were  arranged  a*  subordinate*,  the  type*  j’j  r  ]f  f  ’  w'1^  *he  water 
type  j  j  |  O  that  of  jj  j  S,  etc, 

'Hie  compounds  containing  three  grouj/s  unite/]  hy  nitrogen  are  considered  ammo¬ 
nia  derivatives : — 


N 


CH,  | 
CH.  VN 
CH, ) 


C,H,0 


H  )N 

Hj 


N 


The  type*  of  Gerhardt  were  chemical  types.  He  thus  expressed  himself:  “  Mes 
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types  sont  des  types  de  double  decomposition.”  It  is  thus  understood  that  ho  in 
eluded  the  type  q  V  with  that  of  j  j  ^  . 

These  types  no  longer  possessed  their  early  restricted  meaning.  Sometimes  a 
compound  was  referred  to  different  types,  according  to  the  transpositions  the  formula 
was  intended  to  express.  Thus  aldehyde  was  referred  to  the  hydrogen  or  water 
type  ;  cyanic  acid  to  the  water  or  ammonia  type  : — 

C’H’S1  -  C^}°.  C£}0  ^  CO}N 

The  development  of  the  idea  of  polyatomic  radicals,  the  knowledge  that  the 
hydrogen  of  carbon  radicals  could  be  replaced  by  the  groups  OH  and  NH„  etc., 
contributed  to  the  further  establishment  of  multiple  and  mixed  types  (Williamson, 
Odling,  KekulS) 

Compound  Types  : — 


e-  S-:— 


C1H\ 

Ho)  ^ 

Hd 

C1H  / 

Hj  J  N2 

HjJ 

Cl) 

C„H/'  V 

H}o 

h*|n 

2  4  f 

Cl) 

<W'{ 

C0/'  XT 

Ethylene  Chloride. 

H  }° 

h2}n 

Ethylene 

Carbamide. 

Glycol. 

Mixed  Types: — 

Cl 


|H} 

cn 
W"/ 
h2  }  °s 

Chlorhydrin. 


csoa" 


h’}n 


*} 


o 


Oxamic 

Acid. 


H1 

h  In 

/h] 

{g}° 

\  n 

C2H20"  / 

H  Jo 

Amido-acetic  Acid. 


waJhthi™antwo  °or'amnr5ement  6nding  exPression  in  these  multiple  and  mixed  type: 

univalent  radicals  Unof°,T  United  into  whole-a  molecule-by  th< 

univalent  radicals.  Upon  comparing  these  typical  with  the  structural  formulas 
employed  at  present,  we  observe  that  c  .  wun  uie  structural 

the  empiric,  unitary  formulas  to  those  of  tl  ^  Constl*ute  transitional  state 

pX,  grouping  of  ,ho  tlS“  d*y'  ,aU'r  aim  “  e,,P 

The  n.x,  s,«p  .k.  expansion  of  Gerhark,  type  fhe  type  of- 

marsh-gas  „  C-  This  was  ,he  work  of  Kekulf,  l8s6  (A.  ioi.  204). 

H  J  v 

Recent  Views— Kekul6  (i8c7l  in  „  „„  •  . 

Verbindungen  und  die  Theorie  der  mehr.it™™^'0^1011’  Ueber  die  sog.  gepaarter 
the  idea  of  types  by  the  assumption  f  om,gen  Radicale  (A.  104,  129)  indicated 
atomicity  or  basicity  (valenceY  ThU  h»  n  *  pe™,ar  function  of  the  atoms— then 
Gerhardt.  As  early  as  1852  Frankland  pm!1,P-°Sed,  l?  be  the  cause  of  the  types  of 

nciated  similar  views  in  regard  to  the  ele' 
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raents  of  the  nitrogen  group  (A.  25,329;  101,257;  Frankland:  Experimental 
Researches  in  Pure,  Applied  and  Physical  Chemistry,  London,  1871,  p.  147).  Kolbe 
concurred  with  these  ideas  (compare  his  derivation  of  the  organic  compounds  from 
the  radical  carbonyl  C2  and  carbon  dioxide  C204 — Kolbe's  Lehrbuch  der  organ- 
ischen  Chemie,  1858,  Bd.  I,  p.  567).  The  reason  that  they  did  1  ot  exert  greater 
influence  upon  the  development  of  theoretical  chemistry  is  mainly  due  to  the  fact  that 
the  notions  of  the  relations  of  equivalent  weight  and  atomic  weight  were  not  clearly 
defined  by  Kolbe  and  Frankland. 

In  his  assumptions  Kekule  rather  returned  to  Dumas’  mechanical  types,  than  to 
the  double  decomposition  types  of  Gerhardt.  The  distinction  between  the  type 

jj  j,  and  \  as  drawn  by  Gerhardt  did  not  exist  for  Kekule.  The  latter  in  1858 

said,  “  it  is  necessary  in  explaining  the  properties  of  chemical  compounds  to  go  back 
to  the  elements  wfhich  compose  the*e  compounds.”  He  continues:  “1  do 

not  regard  it  as  the  chief  aim  of  our  time  to  detect  atomic  groups  which,  owing  to 

certain  properties,  may  be  considered  radicals  and  thus  to  include  the  compounds 
under  certain  type*,  which  in  this  way  have  scarcely  any  other  significance  than  that 
of  type  or  example  formula.  I  am  rather  of  the  opinion  that  the  generalization 
should  be  extended  to  the  constitution  of  the  radicals  themselves,  to  the  determina¬ 
tion  of  the  relation  of  the  elements  among  themselves,  and  thus  to  deduce  from  the 
nature  of  the  elements  both  the  nature  of  the  radicals  and  that  of  their  compounds. 


(A.  106,  136.)  ,  ,  . 

The  recognition  of  the  quadrivalence  of  the  carbon  atoms  and  the  power  they 
possessed  of  combining  with  each  other,  accounted  for  the  existence  and  t  e  com¬ 
bining  value  of  radicals ;  also,  for  their  constitution  (Kekule,  /.  c.,  an  ^ouper, 
A.  ch.  phys.  [3]  53,  469).  The  type  theory,  consequently,  is  not  as  sometimes 
declared,  laid  aside  as  erroneous;  it  has  only  found  generalization  and  amplification 
in  a  broader  principle  :  the  extension  of  the  valence  theory  of  Kekule  an  ^ouper  o 

the  derivatives  of  carbon.  .  .  c  , 

While  formerly  it  was  customary  to  consider  in  addition  to  empiric  formulas,  repre¬ 
senting  merely  an  atomic  composition  of  the  molecule,  rational  formulas ^(Berzelius), 
which  in  reality  were  nothing  more  than  rearrangement  formulas  adop ted to  explain 
to  a  certain  degree  the  chemical  behavior  of  derivatives  of  carbon,  Kekule  spoke  ot 
the  manner  of  union  of  the  atoms  in  the  molecule ,  by  knowledge  o  w  1C  1  _  , 

stitution  of  the  carbon  compounds  is  determined  (constitution  fonuro)' 

Meyer  next  introduced  the  phrase  “  linking  of  the  carbon  atoms .  P 

structure  (structural  formulas)  originated  with  Butlerow.  r  i 

An  application  of  the  valence  theory,  which  has  been  remarkably^ 

Kekule  benzene  theory.  Here  for  the  first  time  there  was  .assumed  present  in  a 
carbon  compound  a  closed  carbon-chain,  a  ring  consisting  of  six ^car  j  j  ,  • 

rather  singular  stability  of  the  aromatic  bodies  ,s  due  °.  , e ,  1  DVridine 

“  benzene  ring/’  Kdrner  applied  these  views  to  pyridine  and  deduced  the  pyridine 

ring.  In  rapid  succession  numerous  other  rings  have  followed  an 

themselves  side  by  side  with  the  old  rings  in  more  recent  years. 

Theory  of  Chemical  Structure  of  Carbon  Compounds. 
Theory  of  Atomic  Linking  or  the  Structural  Theory 

Constitutional  or  structural  formulas  are  based  upon  e  o 
principles,  which  have  been  deduced  from  experiment  anr  repta  •<  ) 

confirmed  by  the  same.  .  .  .  .  „  • 

1 .  The  carbon  atom  is  quadrivalent  The  position  of  carbon  in  the 

periodic  system  gives  expression  to  this  fact.  One  car  ion  a 
combine  at  the  most  with  four  dissimilar  or  similar  umva  en  a  o 


atomic  groups : 

Cl  1  CF  CCIj 

Crbon  TetrXorule.  Carbon  Tetrachloride. 
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CH,Cl 


ch8nh2 


Methyl  Chloride.  Methylamine. 


CH2C12 

Dichlormethane. 


CHC1S 
Chloroform. 


p/n  KTf!WrC'0/mAPOUndS>  ‘'J?  carbon  monoxide  CO  and  the  isonitriles  or  carbvlw 

^  ^ — C  (A.  270,  267)  and  fulminic  acid  HO _ N  —  C  t  A  280  {  am!D{s 

figures  as  a  bivalent  element.  ^  tA-  280,  303)  carbon 

2.  The  four  affinity  units  of  carbon  are ,  as  generally  represented 
equaland nmdar,  i  e„  no  differences  can  be  discovered  m  them£ 
they  form  compounds. 

If  one  of  the  four  hydrogen  atoms  in  the  simplest  hydrocarbon, 
"T’  be,  rfPla?ed  by  a  univalent  atom  or  univalent  atomic  group,  each 

four  bSU^StltUtl°n  Product.wlH  appear  in  but  one  modification.  The 
t^riai  V  rogen  atoms  are  similarly  combined,  consequently  it  is  imma¬ 
terial  which  of  them  is  replaced. 


CHjCl 

Chlormethane. 


CHgOH 

Methyl  Alcohol. 


CH3NH2 

Methylamine. 


are  known  in  but  one  modification  each  (p.  46). 

3-  the  carbon  atoms  can  unite  with  each  other.  When  two  carbon 
atoms  combine  the  union  can  occur  in  three  ways: 

tVip !!a  *e  W°  car£2^ at°ms  unite  with  a  single  valence  each,  leaving 
ther  ?  «rouP>  = ' C  -  c  = ,  with  six  free  valences, 

atomic  vron  "^_ca;rbo^  atoms  unite  with  two  valences  each,  then  the 
Tu,a  C  =  ,  with  four  free  valences,  remains. 

groun_r=rr-0n  au°nlSareunited  b>r  three  valences.  The  residual 
b  In  thefir^  'h~’ftasbuttwo  uncombined  valences, 
second  case  /  T/  6  u  jlc?n  oP  the  two  carbon  atoms  is  single,  in  the 
combine  To  tZ m  the  third  case  Carbon  atoms  can 

other  elements^  dc;£ree  with  themselves  than  the  atoms  of  any 

which  form  e  therTn18  ^  rise  to  carbo11  nuclei,  carbon  skeletons, 

bined  fences  of  ^arbo  °n ' 1  dlains  or  ri"Ss'  The  ""““I 

of  other  elements  or  n  nuc  .ei  can  saturate  or  take  up  the  atoms 
existence  of  the  almost  er  atomic  groups.  This  would  explain  the 
The  nmtual  uniTn  is  ^  CTeSj  Carbon  impounds, 
recommendation  of  Couner  by  formulas  or,  according  to  the 

structure  of  the  compounds  •  tn  lnes*  Tbese  formulas  represent  the 
,T  3  ey  are  structural  formulas  : 

H  H 

H  H 


I 


H  —  C  —  II  u _ (I 


-Cl 


II 


II 


H 


.i. 


II 


O  — II 


II 


c-n<;j 

H 


Saturated  and  Unsaturated  On 

compounds  are  those  in  which  the  ^?mP°unds.— Saturated  carbf 
bond  to  each  other.  They  cannon  °nat0ms  are  united  by  a  sing 
the  carbon  chain  is  broken  up  t T>  °  United  by  more  valences  unle 
which  a  double  or  triple  union  betTT  ated  COI»Pounds  are  those  i 
single  union  is  sufficient  to  link  carbon  .Carbon  atoms  exists.  As 

a  °ms  together,  a  pair  of  ca 
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bon  atoms  with  double  union  can  take  up  two  additional  valence  units. 
This  would  dissolve  the  double  union,  giving  rise  to  single  linkage 
without  destruction  of  the  chain,  e .  g. 

H 

H  —  C  —  H  I 

||  +2H  =  H—  C  —  H 

H  —  C  —  H 

Ethylene.  H  —  C  —  H 

I 

H 

Ethane. 


Two  carbon  atoms,  trebly  linked,  can  take  up  four  valences.  The 
dissolution  of  the  triple  union  may  proceed  step  by  step.  The  triple 
linkage  may  first  be  changed  to  a  double  linkage  and  then  to  a  simple 
union : — 

H 

C  — H  2H  H  —  C  —  II  2H  H  — d  — H 

III  - >  II  - >  I 

C-H  H-C-H  II  —  C —  H 

I 

H 


The  unsaturated  compounds,  by  the  breaking-down  of  their  double 
and  triple  unions  and  the  addition  of  two  or  four  univalent  atoms, 
pass  into  saturated  compounds. 


This  same  deportment  is  observed  with  many  other  compounds  containing  cat  >on 
and  oxygen,  doubly  combined,  =C  =  0  (aldehydes  and  ketones)  or  dou  >  e  an 
triple  union  of  carbon  and  nitrogen,  =  C=N  — C  =  N  (acid  nitriles,  inm  es,  ox¬ 
imes).  They  are  in  the  same  sense  unsaturated;  by  the  breaking  down  o  t  it  ir 
double  or  triple  union  they  change  to  saturated  compounds  in  which  the  po  \ '  d  en 
atoms  are  linked  by  a  single  bond  to  each  other : 


H 

H  —  C  —  O  | 

-C-OH 

+ 


1  H 

H  —  C  —  H  4-  2ll  =  I 

H  —  C  —  II 


H 

Acetaldehyde. 


II 

Ethyl  Alcohol. 


C=N 


H  —  C  —  H  +  4H  = 


II 

H  —  C —  NHj 

II -A  —  II 


H 

Acetonitrile. 


H 

Ethylamine. 


Radicals,  Residues,  Groups.— The  assumption  of  radicals,  able 
to  exist  alone  and  play  a  special  role  in  molecules,  has  been  abandoned. 
The  structural  formulas  are  unitary  formulas — they  give  no  e^l)e9!a 
favorable  position  to  one  atom  over  another  in  the  molecule.  a  ica 
are  atomic  groups,  chiefly  those  containing  carbon,  whicr  in 
reactions  are  unaltered  and  pass  from  one  compound  into  ano  er. 
In  this  category  must  also  be  included  the  uni-,  bi-,  tri-,  an  po  y 
valent  atomic  complexes,  which  remain  when  atoms  01  a 
groups  are  removed  from  saturated  bodies.  By  the  gradual  remo' 
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of  hydrogen  methane  yields  the  following  radicals,  having  different 
valences : 

Ch4  — CHS  =CH2  =CH 

Methane  Methyl  Methylene  Methenyl  or  Methine 

saturated.  univalent  radical.  bivalent  radical.  trivalent  radical. 

If  such  radicals  are  isolated  from  proper  compounds,  e.  g.,  the 
halogen  derivatives,  then  two  of  them  unite  to  form  a  molecule : 


CH3I 

ch3 

-\-  2Na  = 

1  +  2NaI 

CH3I 

ch3 

ch2i2 

ch2 

-\-  4Cu  = 

II  2Cu2T2 

ch2i2 

ch2 

chc13 

CH 

-f  6Na  = 

IN  +  6NaCl 

CHCI3 

CH 

Or,  an  atomic  rearrangement  may  occur  with  the  production  of  a 
molecule  of  the  same  number  of  carbon  atoms: 


CHC12 

CHs 


+  2Na  = 


ch2 

CH= 

+  2NaCl  (and  not) 

1 

ch2 

ch3 

The  expressions  residue  and  group  are  similar  to  radical.  They 
are  chiefly  applied  to  inorganic  radicals,  e.g., 

— OH  water  residue  or  hydroxyl  group, 

xnLr  hydrogen  sulphide  residue  or  sulphydrate  group, 

N  H2  ammonia  residue  or  amido  group 
=NH  imido  group,  ’ 

— NO,  nitro  group, 

^NO  nitroso  group. 


Homologous  an<l  Isologous  Schiel,  in  1842  (A  4,  107  •  no  141),  directed 

attention  to  the  phenomenon  of  homology  givino-ac  ~  vT  V,  ’  4  -  ”  -1- 

Sthnrtlv  after  Dumas  nhccn...!  ^  S  evidence  the 


Shortlv  after  Dumas  ’  ^lv,,,y  as  eviaence  ti.e  alcohol  radicals. 

shortly  alter  Uumas  observed  it  in  the  fatty  acids.  Gerhardt  introduced  the  terms 

homologous  and  isologous  sertes,  and  showed  the  rSle  theTe  series  assumed  in  the 
classification  of  the  carbon  derivatives  Tt  n  ,,  tnes,.e  senes  assumed  .  firct 
disclosed  the  cause  of  homology.  '  U  the  theory  of  atomic  linking  that  firs 


The  different  manner,  in  the  lir,b;„  r  .  , 

itself  most  plainly  in  their  hvdro^  S  °f  the  carbon  atoms,  show- 
hydrocarbons.  By  remove  one  afom  ^P?unds-in  the  so-cal  e 
hydrocarbon,  methane,  CH,  the  rem  •  by^.roSen  from  the  simpb 
combine  with  another,  yielding  (-u'nilJ^nivalent  grouP> 
methyl.  Here,  again,  an  hydrogen  L  ^  'H>  °r  ethane  or  a1 

group  CH3,  resulti  ng  in  the  Compound  replaCed  by  e 

The  structure  of  these  derivatives  imv  iCH;i — CH2~Chi>  propane, 
graphically  : —  y  be  more  clearly  represen  tec 
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H 


H  H 


H — <1 — H 


I 

H 

CHi 


H  K  H 

fl  i  i 


K— C- 


C.H. 


HUH 


By  continuing  this  chain-tike  union  of  the  cartw  atoms,  these  nrhes 

as  entire  senes  of  hydrocarbons : — 

CH,  —  CH,  —  CH,  —  CH,  CH,  —  CH,  —  CH,  —  CH,  —  CH^ 

C#H»  C*H* 


The  compounds  constituting  such  a  series  are  sa:  d  to  ie  immUgms. 

The  composition  of  such  an  hocnologous  series  car.  he  expressed  vr 
a  general  empiric  or  rational  fotnoh.  The  series  fbnmha  for  the  inarm 
gas  or  methane  bydrrxarbons  is  C.H*. 

Each  member  differs  from  the  ooe  irsiaeCLter  preceding  aad  the 
one  following,  by  CH*.  The  phenomenon  of  bomoiogy  » therefore 
due  to  the  linking  power  of  the  quadrivalent  carton  attnas. 

In  addition  to  the  h yd rocar l»cs  forming  such  a  senes,  many  others 
exist,  c.  £■. ,  the  monohydric  alcohols,  the  aldehydes  ant  mint  t 
acids: — 


C.H-.^p  C,R*0  QJ&jf). 

CH/j—v*2hyl  akobc4  CHiMinilUfde  CH/jj-wbk 

QH/j — ethyl  akxaxJ  C,H/>— aceuudekyot  CyH/Jf-nceac  an: 

CHjO— propyl  aleobcJ  QH/>-^t»cc^.dciTr«  pr^r^oisic 

butri  akx*>U  556— faWynAkkfdc  C.H/X— «*jw 

Cartoc  o»^^si4s,  afike  conaicaly,  t*t  c3ssiag  .ir.cr  'xhsr  --  Q-irWiiLicw 

a  lifEersKe  Pints  tbas  sCHj,  e  g.,  the  jMTWfd  o:  c.-Muras.^  ijevacv-ci 
femt  izctUi'&us  waits,  acewdiag  lo  Geriarct: 

Isomerism:  Polymerism;  Metamerism;  Chain  or  Nucleus 
Isomerism;  Position  or  Place  Isomerism.  Fac  ne« 

prevailed  that  bodies  of  different  properties  must  occcMzrJT  possa*  ^ 
different  composition.  The  first  hydrocarbons,  showing  mat  tfe  w.-- 
ion  was  erroneous,  were  discovered  in  182s. 


lidM^in  1823,  do»o&&- rated  thai  »>cr  <7*Pr  *?"*  :"r  ^-5"  ^ 

1^25  Faraday  (otmd  in  a  cocupresjed  gat  *  .iqwi  by«Lw»^  ~  .1^ 

^  «tbr'»e  In  182S  W*kr ck-e«l ,  "■■  ****** 

**i  m  i*jq  KerzxYtus  casUubtd  the  suaJamy  of  t»t*nc  »ad  arc  «**ac  ao_ 

Berzelius,  in  1830,  designated  as  isomeridcs  -copzfirjtz  ^todies 
'W  composition,  but  different  in  properties.  A  y^r  ^ter  ue  c 
?«‘*hed  two  kinds  of  isomerism,  viz.,  isomerism  of  bodies  c:  c  ~e 
^lecular  ma y^r— polymerism,  and  bodies  of  like  molecular 
1*eristn. 

hymerous  isomeric  carbon  derivatives  were  discovered  in  ap*c  m 
^®*^on,  hence  an  answer  as  to  the  question  whai  causes  zscm-jz r  - 

4 
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nomena  acquired  importance  for  the  development  of  organic  chemistry 
The  deeper  insight  into  the  structure  of  carbon  compounds,  which  was 
gradually  attained,  gave  rise  in  consequence  to  a  further  division  of 
metameric  phenomena. 

The  expression  metamerism  was  employed  to  designate  that  kind  of 
isomerism  which  is  due  to  the  homology  of  radicals  held  in  combina¬ 
tion  by  atoms  of  higher  valence.  If  the  homologous  radicals  are 
joined  by  polyvalent  elements,  then  those  compounds  are  metameric. 
in  which  the  sum  of  the  elements,  contained  in  the  radicals,  is  the 
same  (H  may  be  viewed  as  the  simplest  radical)  : 


C2H 


II  'I 

jj5  >  O  is  metameric  with 
Ethyl  Alcohol. 


CH. 

CH, 


O 


Methyl  Ether. 


C,H,1 

h  r 


•  O  is  metameric  with 
Propyl  Alcohol. 


c2h5j 

CH,] 


O 


c2h 


Ho 

h  In 

H  j 

Ethylamine. 


is  metameric  with 


Ethyl  Methyl 
Ether. 

CH 
CH 


H,} 

3*1 N 


C,H,| 

h  In 
H  j 

Propylamine. 


Dimethylamine. 


is  metameric  with 


c2h, 

CH 


”5 1 

3*} N 


and 


Ethyl  Methyl- 
amine. 


CH, 

CH3 

CH, 


)N 


Tri  methyl- 
amine. 


amine. 

the't'vne^orm'iT*011  l^^r^*ca^s  in  this  division  was  disregarded 
the  re  °o7tS  WeiJ  SU?Clently  exPlanatory.  We  have  recognizee 
^  unite  in  a  chafn-likt 

other  phenomena  of  isomerism^whic^  l°  thiS  CaUSC  may  be  attribuJ.eC 
metamerism.  ’  lch  are  not  Properly  included  undei 

homofogous1  Series  C™111*8  °the  eth**  si^plest  hydrocarbons  of  the 
veloped°  from  that  of  S^ane  CH‘  ‘  CH3  was  df 

CH3.CHj.CH,  from  the  ethane  formuTc  H  -the.  V^ne  formula 
intermediate  and  /^/Wcarbonatnmeo  2H,6.’  - In  .  e  case  of  Pr0Pane 
are  attached  on  either  side  to  two  oth  re  dlstinSuished.  The  formei 
ing  two  valence  units  which  are  satnr77un  atoms>  still  possess 
The  terminal  carbon  atoms  are  linker!  «.«♦»?  %  tw°  hydrogen  atoms. 

With  the  next  member  of  the  series  y  ree  hydrogen  atoms, 
the  fact  that  an  hydrogen  of  the  term'  °  ,  erve  a  difference.  Above, 
was  replaced  by  methyl  was  the  onlv  ri" f'..methyl  group  of  propane 
to  the  formula  CHS .  CH2  .  CH2  .  CH  '7n  considered.  This  led 
might  replace  an  hydrogen  atom  of  theater owever,  the  CHs-group 

then  the  result  would  be  the  formula  grouP»  and 

CH  ’  'l11  this  hydrocar- 
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bon  there  is  a  branched  carbon  chain.  The  hydrocarbon  with  a  con- 

CHj.CH.CH, 

tinnoos  chain  is  termed  butane;  its  isomeride  is  isobutane — 

CH, 

Theoretically,  by  a  similar  deduction,  the  two  butanes  yield  three 
isomeric  pentanes: 


CH,  .  CH,  .  CH,  .  CH,  .  CH, 

Normal  Peaane. 


CH,  .  CH  .  CH,  .  CH* 

I 

CH, 

Isopen  tai>e- 


H,C 


CH, 


CH, 

■  —  ct- 
ch. 

Pseudopentane 
Tetrametbyl  Methane. 


These  hydrocarbons  are  really  known. 

The  number  of  possible  isomerides  increases  rapidly  with  the  increase 
in  carbon  atoms  (B.  27,  R.  725). 

The  cause  of  isomerism  in  the  homologous  paraffins,  as  in  so  many 
other  cases,  is  the  different  constitution  of  the  carbon  chain.  The 
isomerism  caused  by  a  difference  in  linking,  by  the  different  structure 
of  the  carbon  nucleus  or  the  carbon  chain,  is  termed  nucleus  or  chain 
isomerism. 

The  investigation  of  the  substitution  products  of  the  paraffin  hydro¬ 
carbons  brings  to  light  another  kind  of  isomerism.  T  he  principle  ot 
similarity  of  the  four  valences  of  a  carbon  atom  renders  logical  and 
possible  but  one  monochlor  substitution  product  of  methane  and  ethane. 
The  same  consideration  which  heretofore  recognized  the  possibility  ot 
two  methyl  substitution  products  of  propane,  the  two  butanes  possible 
by  theory,  leads  to  the  possibility  of  two  monochlor-propanes,  depend¬ 
ent  upon  whether  the  chlorine  atom  has  replaced  the  hydrogen  ot  a 
terminal  or  intermediate  carbon  atom : 


CH, .  CH,  .  CH,C1 

Normal  Propyl  Chloride. 


CH,  .  CHC1  .  CH, 

Isopropyl  Chloride. 


If  two  hydrogen  atoms  of  one  of  the  carbon  atoms  of  propane  be 
replaced  by  an  oxygen  atom,  the  following  case  ot  isomerism  arises. 


CH,  .  CH,  .  CHO 

Propyl  Aldehyde. 


CH,  .  CO  .  CH, 

Acetone. 


In  the  case  of  the  two  known  chlorpropanes,  and  also  in  t  e  ca>e  o 
propyl  aldehyde  and  acetone,  the  cause  ot  the  isomerism  is  no  u 
to  difference  in  constitution  of  the  carbon  chain,  but  to  t  le  1 
position  of  the  chlorine  atoms  with  reference  to  the  ox\gen  atom 
the  same  carbon  chain.  Isomerism,  induced  by  the  different  arrang - 
roent  or  position  of  the  substituting  elements  in  the  same  car  on  Ci  ‘ 1 
is  designated  isomerism  of  place  or  position.  nna. 

The  intimate  relationship  of  the  two  varieties  of  isomeri  ^ 

rent  from  the  derivation  of  the  ideas  of  nucleus  or  chain  isomerism  an 

ptocc  °r position  isomerism.  .  _ The 

,  ^ecent  Views  Pertaining  to  the  Structura  Th /causes  of 

theory  of  atomic  linking  not  only  revealed  an  insight  in 
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innumerable  isomeric  phenomena  but  nrediVwi  ^ 

determined  their  number  in  a  very  definite  manner^  InnStanCesand 
isomeric  modifications,  possible  by  theory  were  dis’cove  !?any 0888 
period.  For  certain  isomerides  however’  at  fiLf  d  at  a  later 
structural  formulas  deduced  from’ their  synthetic  aniTana  the 

inaSmUGh  aS  ^  *  fferen  ?  com  pounds  were"  known 
o  which  the  same  structural  formula  could  be  p-iven  ti-,a  Vn’ 

such  bodies  JLA.  7.1S  fhe  tendency  at  first  was  to  designate 

varvincr  y  al  isomerides,  meaning  thereby  an  aggregation  of 

Th^  n  ^  GXeS  chemica%  similar  molecules. 

o  owing  groups  of  such  isomerides  have  been  well  investigated: 

i.  The  four  symmetrical  dioxysuccinic  acids  ,  H°H  [  *  ^ ,  the  or- 

to  be^somedctrintar«ariC  iaC1^'  and  racemic  acid  which  were  proved 
Pasteur’s  classic  rJ  t!^  ^erzebus-  To  these  were  added,  through 
tartaric  acids  searches,  laevo-tartaric  and  the  inactive  or  meso- 

mariclnd  <**:  JL  '  >  f"' 

Thp  *  CH.  .  L/UjiT 

inactive  lactic  a-oxypropiomc  acids  :  CH3  .  CH  .  OH  .  C02H- 
these,  laevolactic  ariH  °\  ^rmentation  and  sarcolactic  acid.  1° 

.  Substances  are  “i  S  been  recentIy  added.  ,c  J 

either  fused  or  in  solution.  amoi}£  these  compounds,  which  liquified, 
right  or  left.  The  direr'/’  UFn  rbe  P*ane  °f  polarization  either  to  the 

“  dextro  ”  or  “  i®vo  ”  t?,  °f  deviati°n  is  indicated  by  prefixing 
carbon  compounds  are  <(enamf  °f  the  bodies  thus  acting.  Such 
to  the  other  almost  numberlra0pi1C^  ly  active”  in  contradistinction 
polarized  light  and  are  “nnf-  derivatives  which  exert  no  influence  on 
vet  h  lreCt  synthesis  of  onticidi  ^  lnactive  ”  or  “  inactive.” 
theq'  eeJ1  ac]?*eved,  although  nnt  ^  ^.ctlve  carbon  compounds  has  no 
latter  ,lasteur  has  discover?  y  inactive  bodies  have  been  syn- 
to  an  enn.i  VeS°lved  i«o  the  ^  methods  by  means  of  which  the 
ammonmm  but  in  oppositeCd-1^0?60*8’  vvbicb  rotate  the  plane 

%  UPon  splitting  sodiujn- 

hedrism;  that  the^u*,1116  Crystals  laevo* and  dextro-tartrat 

other;  and  that  lit  b<fbaved  as  an  oh’  tbese  Sabs  manifested  1 
salts,  at  like  temner-ft  ayers  of  eqUallJeCt  and  its  image  toward 
equal  degree  in  oppo^^Uted  thJ  ^centra, ed  solutions  ^ 
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they  lie  in  the  same  plane,  but  are  so  arranged  that  planes  placed  ah 
their  terminals  produce  a  regular  tetrahedron,  van ’t  Hoff’s  wn?? 

zations  are  based  upon  this  model:  their  fundamentals  will  be  m!'' 
fully  developed  in  the  following  pages.  re 

liv??Khe  assu!nPtlron  that  the  affinities  of  a  carbon  atom  are  arranged 

i,  t  J  TmUS  °f  a,regular  tetrahedroib  in  the  center  of  which  there 
is  the  carbon  atom,  there  would  be  no  imaginable  isomerides  coinrid 

mgwith  CH,(R1)J,  CHJ^R*,  CHR^R1),  but  a  c^eCR^i 
the  more  general  CR'R2!?3!?4  •  ■  \  ^niN.  jn.  k.  or 

nature— mSvTk  j  ~ 311  lsomenc  phenomenon  of  peculiar 

that  is  connect  a  ted’  .  A  carbon  atom  of  this  description — one 

— van ’t  Hoff  w  *  °Ur  d^erent  univalent  atoms  or  atomic  groups 

represent  it  by  an  asymmetric  carbon  atom>  proposing  to 

If  a  conmounri  *  •  II  1S  sometlmes  indicated  by  a  small  star, 
ceive  of  its^existenre”  a+nS  ^  asymmetric  carbon  atom  we  can  con- 
image  of  the  other  •  ^  tW°  1S0rneric  modifications,  the  one  being  an 


These  s  * 

surface ofb  paper  Uk’  V  U“derstood  by  the  aid  of  the  mod 

angles  were  colored -^thk  1  H°ff  introduced  tetratTa^  their  Projection  uPon  the  1 

this  advantage,  posses* Ji  r"8S  to  represent  anU  •  akedron  models  in  which  the  so 
appeared  from  the  model  y Jhe  Kekul6  model  different  radicals.  They  la 

bfv?rOIP  and  in  Projections  fIt,must  be  ima(nniihat  !he  carbon  atom  has  entirely  d 
other  by  lineS)  ^  modehTsJl  l^  being  in  the  center  of  the  tet 

r>  bowever,  not  ^ any ^  sen  C)  the  radicals  are  united  toea 
In  the  left  tot  i_  SC  rePresenting  a  chemical  union, 

direction  directlv  edron  'he  sucre.  • 

the  right  tetrahedro^e?  t0  ‘hat  ofThe5?165.  R'R!R’ Proceeds  in 
t'vo  figures  cannot,  bv L“UI?e  coi„c!d‘?  ha"d  of  a  ™tch,  while 
same  position, —that  is  ?  atlon>  be  bv  ,  h  tha‘ of  the  hand.  Tl 

Sure0'?  than  the  ‘eft  handS,t'°n  to  cover  ""r1'15  brought  into  tl 
Th?  T? ',nagc  or  reflection  can  he  made  ?  '  “‘hercompletely.- 

Thf^e5Toep?Sa0cftp.P«callyAct.  l°  COVer  -  right,  or 

Which  only  differ  iS^ffihTiVebody^^c^^0ff  °f  ! 
to  an  asymmetric  rat-K  tbe  Ser>esof  L  *tlsobvm.  , °n  at°ms  m  tf 

ment,  which  therefore  a^id^nG**  sucS  °r  ^ondc  a  tWo  moIecult 

simdar  in  chemica,  proper, iefa^  in  or^  " 

lhe  to  confn2Ure>  must  be  s 
Iuston.  However 
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those  physical  properties,  upon  which  the  opposite  successive  series 
of  atoms  or  atomic  groups  in  union  with  asymmetric  carbon  exerts  an 
influence,  e.  g.,  the  power  of  deviating  the  plane  of  polarized  light, 
must  be  equal  in  value,  but  as  regards  the  prefix  they  are  opposite. 
The  union  of  two  molecules  identical  in  structure,  having  equal  but 
opposite  rotatory  power,  gives  rise  to  a  molecule  of  an  optically  inac¬ 
tive  polymeric  compound. 

Compounds  Containing  an  Asymmetric  Carbon  Atom. — a  Oxypro- 
pionic  acid,  CH, — *CHOH  .  COjH,  has  been  brought  forward  as  an 
example  of  a  compound,  containing  one  asymmetric  carbon  atom. 
It  can  appear  in  two  optically  active,  structurally  identical,  but  physi¬ 
cally  isomeric  and  one  optically  inactive,  structurally  identical  poly¬ 
meric  modifications : 


OH 


OH 


Dextrolactic  Acid. 
(Sarcolactic  Acid.) 


CH* 


OH 

i-H 
HjC  CO,!! 


+ 


OH 

<!- 

/\ 

CO,H  CHS 


H 


-j  Lactic  Acid  of  Fermentation 

{  (+)  d-Lactic  Acid  (— )  1-Lactic  Acid  J  =  in^re  Lactic  Acid. 

The  following  compounds  also  contain  one  asymmetric  carbon 
atom : 

. ay. 

•““A?* . ;  :  ;  :  CONH,-  c’h,  *CHNHr  CO,H 

i liA .  .  c.  hk.  *ch.oh.  co,h 

Mandehc  Aad, . ^  *  ^_-C,H7) 

Conine . CH»<^^>NH 


Each  of  the  preceding  bodies  is  known  in  two  optically  active  and 
one  optically  inactive  modifications.  , 

Compounds  Containing  Two  Asymmetric  Carbon  Atoms. 
tions  are  more  complicated  when  two  carbon  atoms  are  p. esen.- 
The  simplest  case  would  then  be  that  in  which  similar  o,  1 
are  in  union  with  the  two  asymmetric  carbon  atoms.  1  »e  'jI,e  1  J 
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the  molecule  would  be  constructed  chemically  just  like  the  other  half. 
The  four  isomeric  dioxysuccinic  acids  belong  in  this  group.  This  group 
of  so-called  tartaric  acids  has  become  of  the  greatest  importance  in  the 
development  of  the  chemistry  of  optically  active  carbon  derivatives. 

They  were  the  first  to  be  most  carefully  investigated  chemically, 
optically,  and  crystallographically,  and  were  used  by  Pasteur  in  the 
development  of  methods  for  the  splitting-up  of  the  optically  inactive 
compounds  into  their  optically  active  components  (p.  65).  Their 
importance  was-  increased  in  addition  by  the  fact  that  they  were 
brought  into  an  intimate  genetic  relation  with  fumaric  and  maleic  acids 
— two  isomeric  bodies  which  will  be  considered  in  the  next  section 
(P-  5o)« 


Should  a  carbon  compound  contain  two  asymmetric  carbon  atoms 
united  to  similar  groups  then  to  the  three  isomeric  modifications  which 
a  compound  containing  one  asymmetric  carbon  atom  is  capable  of 
forming  comes  a  fourth  possibility.  If  the  groups  linked  to  one 
asymmetric  carbon  atom,  viewed  from  the  line  of  union  of  the  two 
asymmetric  carbon  atoms,  show  an  opposite  successive  arrangement  to 
1 16  .  er  symmetric  carbon  atom,  an  inactive  compound  results, 
asvmm ^.Jntramoiecu^ar  compensation :  the  action  due  to  the  one 
creat  but  nn°m  -^on  P°larized  light  will  be  canceled  by  an  equally 
atom!  ^°S1  e  actl0n  caused  by  the  other  asymmetric  carbon 


indeed,  the°onlvSenf- ^  carbon  atom  gave  the  first  and, 

isomeric  symmetrical5  ^C.tory  explanation  for  the  occurrence  of  foul 

represent  these  four  acids°XySUCCiniC  acids*  The  followinS  fornlul* 
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The  possibilities  of  isomerism  with  carbon  compounds  containing 
more  than  two  asymmetric  carbon  atoms — a  condition  observable  with 
the  polyhydric  alcohols,  their  corresponding  aldehyde  alcohols,  and 
ketone  alcohols  (the  simplest  sugar  varieties),  as  well  as  with  their 
oxidation  products,  will  be  more  elaborately  discussed  under  these 
several  groups  of  compounds. 

Geometrical  Isomerism,  Stereoisomerism  in  the  Ethylene 
Derivatives  {A lloisomerism).  — T wo  carbon  atoms  singly  linked  to 
each  other  whose  valences,  not  required  for  mutual  union,  hold  other 
atoms  or  atomic  groups,  should  be  considered  as  able  to  rotate 
independently  of  each  other  about  their  axis  of  union.  J.  "VV  islicenus 
assumes,  however,  that  the  atoms  or  atomic  groups  combined  with 
these  two  carbon  atoms  exercise  alternately  a  “directing  influence 
upon  each  other  until  finally  the  entire  system  has  passed  into  the 
“  favorable  configuration  ”  or  the  "  preferred  position.  It  follows 
from  this  assumption  that,  in  ethane  derivatives  in  which  asymmetric 
carbon  atoms  are  not  present,  structurally  identica  isomerides  cannot 
occur.  When  the  van  ’t  Hoff  tetrahedron  models  are  employed  to 
represent  two  systems  united  to  each  other  by  carbon  atoms  singly 
linked  then  the  two  systems  rotating  independently  of  eaehotheraloit 
a  common  axis  move  each  in  the  solid  angle  of  a  tetrahedron  (co 
pare  the  projection-formula  of  the  tartaric  acids  s  own  a  )•  ,  . 

A  different  state  prevails  where  the  carbon  atoms  are  d°ub‘ ^e  a»d 
The  double  union,  according  to  van  t  Ho  ,  Pre^  •  -Jes  are 

independent  rotation  of  the  two  systems  an  spa  b 

^The'tetrahedron  models  represent  this  double 
manner  that  two  tetrahedra  ha\e  two  ,.ff ■  pnces  jn  chemi- 

arrange  themselves  about  a  common  edge.  ^  and  important, 

cal  deportment  of  this  class  of  isomerides  are  r  Q  removal  of  the 
They  are  to  be  attributed  to  the  greater  or 

atomic  groups,  which  determine  thfe  ^miTsabC  =  Cab  or  abC  =  Cac, 

Compounds  having  the  common  form  1  bC^  lnstance  groups  of 

may  exist  in  two  isomeric  modifications.  _ arrordine  to  J- 

like  name  are  directed  toward  the  same  ,, _ Qr  t^ey  are 

Wislicenus  the  “plane  ^ symmetric  con  g  to  the  same 

directed  toward  opposite  sides  then  t  ey  figuration.  Baeyer 

author  the  cental  or  axially  symmetry  “"^“ntetry  in 

suggests  for  this  form  of  asymmetry  the  e,“  ^jcj,  substances  with 

contradistinction  to  the  kind  of  as>mm  '  rprs  to  call  “  absolute 
asymmetric  carbon  atoms  show;  the  latter  e  P  ^icarboxylic  acid 

asymmetry.”  The  structurally  symmetric  e  )  .  jt  exists  in 

is  the  most  striking  example  of  this  class  °  ^  maieic  acids.  Both 

two  isomeric  modifications.  They  are  ^u™ajrif  •  j  readilv  passes  into 
have  been  very  carefully  investigated,  a  a  ei  .Qn  |'s  scribed  to 

an  anhydride,  hence  the  plane  symmetric  co  g  -ven  axial 

h.  Fumaric  acid  does  not  form  an  anmdri  ,  groups  are  as 

symmetric  configuration.  In  this  the  two 
5 
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widely  removed  from  each  other  as  possible.  Id  projection  form 
and  in  structural  formulas,  to  which  there  is  given  a  spacial  aspect,  tr. 
configuration  of  these  two  acids  would  be  represented  in  the  followiu- 
way:  r 


Maleic  Add- 
Plane  Symmetric 
Configuration. 


HO,C.CH 

HC.COH 


Fnmaric  Acid. 

Central  or  Axially  Symmetric 
Configuration. 


rw hr1A°3xn-Sm ?f  jaesaconic  and citraconic acids,  (CH,  (CO,H)  C= 

acid  and  ri.  ’ 15  of,tJie  sanJe  c*ass »  tlie  ®rst  acl(1  corresponds  to  fumanc 
acid  and  the  second  to  maleic  acid.  Further  examples  of  the  class  are : 


Crotonic  and  Isocrotonic  Adds, 
Angelic  and  Tiglic  Adds, 

Oleic  and  Elaldic  Adds,  .  *  j 
Emdc  and  Brassidic  Adds,  . 
Tne  two  a-CMorcrotonic  Adds, 
3-Chlorcrotonic  Adds. 
“  “  ToW  Dichlorides/^ 
“  Dibromides.. 
*.  ®-Dinjtrosdlbenes 

lie  and  A 11™; _ -  5 


CH,  CH :  CHCO,  H. 

CH,.  CH :  C  (CH,)  CO.H. 

Cjs  H„  CH :  CHCO.H. 

:  CH.  Cll  Ha.  CO,H. 

ch3-  ch  cci.  co,h.“  * 

rHr  ?S:CH-  C°^H- 
^ca.cac.H,. 

CL  H.  rib. .  pd-  ^  t  t 


“  “  DibromTdS  :  '  c  H5  r£  St H* 

‘  “  o-Dinjtrosdlbenes,  ’  XO  h'lA 

M'S:' " 1,1 " M  * 

t.^5RR£SS  “odal- iChae‘  desi8M‘«  allo-iscmerii m 
Sdnn  \er  a?phcation  of  heat,  a  33  to  its  cause.  When. 

tn  ijhchael  prefixes  “alio”  to  1Dto  a  more  stable  mod:: 

SS85!!rs~.  r“C!SLs.“,Jra " 

taric  acids  bear  t  C^le®-V  because  the  tw-A  a'-C  ^>een  mo5t  thorough. y 
and  Anschutz  if”? an  1Qtiinate  genenV Ptlcai^ iy  inactive  dioxvtar 
TOnvened  into  l^  that G>-  48).  Kekule 
This  conversion  har3‘C  acid’  2111(1  maleic  ar  v»  Dganate  fumanc  acid  was 
option  of  these  acid-  with  H  ‘m°  mesotartaric  acid. 

*iU  beSSfc  AU,S*d- *  hTve  1 w  Van  1  Bel  con- 

In  studying  y  ,e lab°rated “in  :he  Predicted.  These  re. a- 

^pressed  that  in  all  ^  ^ylnialeTc  l^e  Iour  ac— ^ 

g11^  fumaric  acid^n*  ^ ll>  a  structure  <r  ~  •t^e  bought  mil  re 

'd  P^ly  falls  toS!ird‘ne"n«  ^defv  from  th»: 

^c,c  ac*d  and  its  derivatives 
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The  structure  will  be  influenced  by  the  configuration.  The  relations 
are  similar  in  the  case  of  the  coumaric  acids  (see  these). 

Baeyer  considers  that  the  isomerism  of  the  saturated  iso-  or  carbocyclic  compounds 
as  will  be  more  fully  explained  when  the  hexahydrophthalic  acids  are  described’ 
bears  a  definite  relation  to  the  stereo-isomerism  of  the  ethylene  derivatives.  The 
same  author  maintains  that  the  simple  ring-union  of  carbon  atoms  viewed  from  a 
stereochemical  standpoint  has  the  same  signification  as  the  double  union  in  open 
chains.  Therefore,  stereo-isomerism  in  the  carbon  compounds  with  double  union 
would  appear  merely  as  a  special  case  of  isomerism  in  simple  ring-unions.  Baumann 
applied  this  idea  to  saturated  heterocyclic  compounds — to  the  polymeric  thioaldehydes 
(see  these).  • 

Baeyer  suggested  the  introduction  of  a  common  symbol  for  all  geometrical 
isomerides ;  it  was  the  Greek  letter  /’.  The  addition  of  an  index  will  enable  one  to 
readily  express  the  kind  of  isomerism.  In  the  case  of  compounds  which  contain 

absolute  asymmetric  carbon  atoms,  the  signs  -| - can  be  employed.  Thus  the 

expressions 

Dextro-tartaric  Acid  ==  r  -| — |-  ) 

Lae vo-  “  “  =T - j-  Tartaric  Acid 

Mesotartaric  “  =  I  - | - J 

are  understood  without  special  explanation.  In  the  case  of  relative  asymmetry  in 
unsaturated  compounds  and  saturated  rings,  Baeyer  proposes  to  use  the  terms  cis  and 
trans.  Maleic  Acid=/cis,  cis  or  briefly  /’cis  ethylene  dicarboxylic  acid,  while 
fumaric  acid  =  /cis,  trans  ethylene  dicarboxylic  acid. 


The  ready  formation  of  iso-  or  carbocyclic  and  heterocyclic  com¬ 
pounds  has  been  attributed  to  the  spacial  arrangement  of  the  atoms,  in 
case  that  five  or  six  atoms  take  part  in  the  ring  formation. 

Such  stereochemical  considerations  will  be  duly  observed  in  the 
introduction  to  the  iso-  or  carbocyclic  compounds,  as  well  as  in  the 
introduction  to  the  heterocyclic  derivatives,  and  in  the  discussion  of 
the  cyclic  carboxylic  esters  or  lactones,  the  cyclic  acid  amides  or 
lactams,  the  anhydrides  of  dibasic  acids,  etc. 

Hypotheses  Relating  to  Multiple  Unions  of  Carbon.— The 

multiple  unions  of  carbon  are  important  in  stereochemical  considera¬ 
tions,  hence  there  has  not  been  a  lack  of  search  into  the  nature  of  this 
union  as  well  as  attempts  to  represent  it.  All  investigations  in  this 
direction  demonstrate  how  difficult  it  is  at  present  to  understand  so 
obscure  a  force  as  chemical  attraction  or  affinity  resting  upon  a 
mechanical  basis.  Despite  the  demand  and  necessity  that  may  exist  for 
the  introduction  of  hypotheses  dealing  with  the  mechanics  of  multiple 
linkage  the  views  thus  far  presented  are  in  many  essentials  contradic¬ 
tory  and  not  one  has  won  general  recognition  for  itself.  See  Baeyer, 
18,  2277;  23,  1274;  Wunderlich,  Configuration  organiscmr 

Molecule,  Leipzig  (1886)  ;  Lossen,  B.  20,  3306;  Wislicenus,  B.  21, 
V.  Meyer,  B.  21,  265  Anm.;  23,  581,618;  V.  Meyer  un 
B.  21,  946;  Auwers,  Entvvicklung  der  Stereochemie 

(Heidelberg  1890),  p.  22-35;  Naumann,  B.  23,  477  1  Bruhl,  • 
ail>  i62,  371  ;  Deslisle,  A.  269,  97  ;  Skraup,  Wien.  Monatsh.  12, 146. 

Comnere^Chemistry  Nitrogen. — Isomeric  phenomena  of  nitrogen  ^containing 
impounds  of  like  chemical  structure,  which  could  not  be  ascribed  to  the  same  cause 
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as  prevailed  in  carbon  compounds,  led  to  the  transference  of  stereochemical  views 
the  nitrogen  atom.  There  appeared  to  be  an  “  absolute  nitrogen  asymmetry”  corr  ° 
ponding  to  the  “  absolute  carbon  asymmetry.”  Examples  of  this  class  existed  accol 
ing  to  Le  Bel  in  the  unstable,  optically  active  modification  of  methyl-ethyl-pron  1 
isobutyl  ammonium  chloride  (C.  r.  112,  724).  ^ 

The  isomerisms  of  the  oximes,  according  to  Hantzsch  and  Werner,  and  those  of  the 
hydroxamic  acids,  according  to  Werner,  correspond  to  the  “  relative  asymmetry  ”  that 
the  doubly-linked  carbon  atoms  are  capable  of  causing. 


• 

Intramolecular  Atomic  Rearrangements. — Many  investiga¬ 
tions  have  shown  that  certain  modes  of  linking,  apparently  possible 
from  a  valence  standpoint,  cannot,  in  fact,  occur,  or  when  they  do 
take  place  are  possible  only  under  certain  definite  conditions  '  In 
reactions  for  example,  in  which  two  or  three  hydroxyl  groups  should 
unite  with  the  same  carbon  atom,  a  splitting-off  of  water  almost  invari¬ 
ably  occurs  and  oxygen  unites  doubly  with  carbon,  g 


/ 


Cl 


CH3C  —  Cl 

Cl 
Cl 
Cl 


/ 


O  —  H 


**"  I  CHS.  C  —  O  —  H 


-h2o 


JO 

>CH}  Of 
XH 


H  .  C  -  Cl 
\ 


/ 


O  — H 


-*■  hc-o-h 


—  h2o 


\ 


->CH 


o 


O  —  H 


\ 


O  — II 


hols”  are  stable^^’  ^  etherS  derivabIe  from  these  unstable  “alco- 


„„  /  25  >0.  C2H5 

3-  — O.  C2II5  and  HC— O.  C2H5 


H 


\ 


O.  C,H. 


In  th  5 

ammonia  with  the  production  of  an  an  ba^°Sen  hydride,  water 
of  a  dibasic  acid,  or  a  cvdic body>  or  an  ^hydri. 
a™)\  In  these  reactions  two  moll*  l*cione)>  or  a  cyclic  amide 

w,tW?at0m'^rouPs  occur  in  unstahlU  rS  ,result  from  one  molecul 
S-th  the  organic  molecule  there  . stabb;  hnkage-relations.  Togeth 
owever,  this  course  is  not  the  onlv^n  6  ki  hiorganic  bod 

atom£  C°ntrary’  ^  intramolecuia/fr  lWe  dire^ion  of  chang 
forms  t£°UplingS  iPass  in  the  moment  of  H  r?arrangement,  unstab 
hydrogen  molecular  magnitude  at  the  formation  into  stab 

otZr°~  Xda11/  "  blcb-d  tV^nVer"6  TV  T* 

si-’iS  S&s&e  Txf  3* 
b0"  a,0m  in  Ktrs 

nS  carbon  atom.  Whe 
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intramolecular  atom-rearrangements  occur  the  hydrogen  of  the  hydroxyl 
attaches  itself  to  the  adjacent  carbon  atom,  and  oxygen  of  hydroxyl 
unites  doubly  with  carbon  (Erlenmeyer’s  rule,  B.  13,  309;  25,  1781). 


CHBr 


> 


/  CH.OH\ 

(ch2  ) 

Vinyl  Alcohol. 


CHO 

>1 

ch3 

Aldehyde. 


CH, 


<1 


Br 

II 

CH, 


CH3 

I 

C.OH 


CH, 


<U 


.CH, 

/3-Allyl  Alcohol. 


ch3 

Acetone. 


However,  the  ethers  obtained  from  vinyl  alcohol  (see  this)  are 
stable  :  CH2=CHO.C2H5  and  CH2=C(O.C2H5)— CH3  are  known. 

It  may  also  be  imagined  that  a  transposition  such  as  that  described 
above  can  occur  by  two  unstable  and  similar  molecules  rearranging 
with  each  other,  so  that  two  similar  stable  molecules  result : 


CH,=CH.OH  CH3.CHO 

HaCH=CH^  OCH.CHj 


An  elevation  of  temperature  is  necessary  to  induce  many  of  these 
reactions.  Both  compounds  are  capable  of  existence.  Unsaturatec 
acids  pass  into  lactones.  The  intramolecular  atom-rearrangement 
proceeds  in  a  direction  favoring  the  formation  of  a  stable  ring . 


(CH3)2C 

CH— CH2.C02H 


(CH3),C 


- o 

ch2-ch2— io 

Isocaprolactone. 


In  other  unsaturated  compounds  we  observe  that  the  unsytnmetrical 

is  transformed  into  asymmetrically  formed  hoc  >  rou0 

ment  of  the  double  linking  of  carbon  : 


CH, :  CH.CH,I 

Allyl  Iodide. 


KCN 


>CH,:CH.CH,.CN  — 

CH3.CH :  CH.C02H 
Crotonic  Acid. 


CH3.CH  :  CH.CN — 

Nitrile  of  Crotonic  Acid. 


CH,  =  C 


CO 

I  >° 

CH2.CO 

Itaconic  Anhydride. 


ch3.c  —  CO 

II  > 

CH— CO 

Citraconic  Anhydride. 


•  j  ,,,-irlpr  the  influence  of  heat, 
The  esters  of  hydrosulphocyanic  acid,  sulphur  unites 

rearrange  themselves  into  the  isomeric  mustard  oils,  1 
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doubly  with  carbon  and  the  alcohol  radical  that  had  previously  be  • 
union  with  sulphur  links  itself  to  nitrogen  :  n  Jn 


C3H5  — S  — C=N - ^S  =  C  =  N.C3H5 

Allyl  Sulphocyanide.  Ally!  Mustard  Oil. 

Isonitriles  or  carbylamines,  when  heated,  pass  into  nitriles*  th 
carbon  • radlCal  previ°Usly  in  union  with  nitrogen,  wanders  over  to 


^H5  —  N 
Phenyl  Carbylamine. 


O  d  ~  — 

Benzonitrile. 


as  ?i^er  re"ra"ge>nents  among  the  atoms  of  compounds  only  transnire 


NH.C.H. 

I 

nh.c6h5 

Hydrazobenzene  (indifferent). 

co.c6h5 

c0.c6h5 

BenziJ  (indifferent). 


HC1 


or  H2SO4 


c6h4.nh2 
c6h4.  nh2 

Benzidine  (diacid  base). 


KOH 


c6h5 


c6h5 


^>C(0H)C02H 
Benzilic  Acid. 


cenzmc  Acid. 

‘ropy,  Merfo™py)^i“^’™er‘8tn  (Tautomerism,  Desmo- 

it  was  the  hydrogen  atoms  that  wandp  ^ 1  n tramolecular  rearrangements 
groups  are  prone  to  do  the  same  t, e  "  Alcohol  radicals  and  phenyl 
knowledge  that  many  groups  were  unstJf  In , this  way  that  a  gradual 

case  of  many  bodies  it  became  to  be  L-  e  and  stable  sprang  up.  In  the 
react  m  accordance  with  two  differentT”  th?1  aPParently  they  could 
our  const,, utional  formulas  '  In  other  words,  as 

t  may  be  said  that  compounds  exkrS  ,  fr°“  chemical  deportment, 

more,  constitutional  r  Whl,ch  two>  and  under  cer- 
that  the\t  ??’  V88)  explained  this  nKpn°rniU  as  cou'd  be  ascribed, 
unstable  l  r  bodies>  under  heaf infc 0n,enon  in  such  a  manner 
pounds  ”  tH  Cf°ns-  “  These  isomeriHes  °r  reaSents>  passed  into 

instahiliV, state  they  revert  to  the  T?"*/ ,known  in  com' 

form.  Their 


'\ 


OH 


or 


Cyanic  Acid. 


Known. 


Known. 
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<f 

XSH 

or 

<NH 

cf 

XS  — R 

<NR 

V - 

Hydrosulphocyanic 

Acid. 

Isothio- 
cyanic  Acid. 

Known. 

Known  (mustard 
oils.) 

cf 

xNH2 

or 

cfH 

^NH 

J 

cf 

NR, 

cfR 

XNR 

Cyanamide. 

T 

Carbodi-imide. 

Known. 

Known. 

— CH 

— CH, 

CHCO,C,H5 

CH,.  CO,C,Hs 

°r 

II 

or 

— C.OH 

Hydroxyl 
or  Enol 
Form. 

—CO 

Ketone 

Form. 

C.(OH).CH3  CO.CHj 

- v- — : - - 

Acetoacetic  Ester. 

— N 

— NH 

/N 

.  NH 

II  or 

c6h4^  h 

xCOC.OH 

or  C6H4r^  | 
xCOCO 

— COH 

—CO 

Lactime 

Form. 

Lactam 

Form. 

— v - ' 

Isatine. 


Baeyer  proposes  to  represent  the  unstable  modifications  by  the  desig¬ 
nation  “pseudo."  Pseudomeris??i  is  the  term  that  will  be  adopted  in  this 
work  for  the  phenomenon  in  which  one  and  the  same  carbon  compound 
can  react  in  accordance  with  different  structural  formulas.  The  unstable 
form  of  a  derivative  will,  therefore,  take  the  name  “  pseudoform  ”  or 
“ pseudo-modification.”  In  some  instances  both  forms  are  known. 


It  is  noteworthy  that  most  “  pseudomeric  ”  compounds  are  acid  in  nature;  they 
can  form  salts.  When  these  salts  are  treated  with  alkylogens  or  acylhaloids  the  two 
classes  of  isomerides  appear.  H.  Goldschmidt  (B.  23,  253)  refers  this  phenomenon 
to  the  appearance  of  free  ions.  Hence  in  passing  judgment  upon  questions  of 
pseudomerism  only  those  reactions  can  be  considered,  from  which  electrolytic  disso¬ 
ciation  is  excluded.  Michael  (J.  pr.  Ch.  37, 473)  offers  the  thought  (and  it  is  worthy 
of  every  consideration)  that  in  the  transpositions  of  the  salts  by  organic  haloids  two 
independent  processes,  depending  on  the  conditions  present,  take  place:  there  is  a 
simple  exchange  in  that  the  organic  radical  takes  the  place  of  the  metal,  or  the  rat  ica 
haloid  first  adds  itself  and  subsequently  the  metallic  haloid  separates.  n  t  e :  atter 
case  the  organic  radical  assumes  a  position  different  from  that  pievious  \  ie  t  y  e 
metallic  atom  (compare  acetoacetic  ester  and  malonic ester).  Nef  has  recent  y  mam 
tained  the  correctness  of  Michael’s  view.  Ansirhten 

.  Laar,™  the  contrary  (following  Butlerow,  A.  189,  77,  van  * .  l  com- 

uberdie  organische  Chemie  2,  263,  and  Zincke,  B.17,  3030),  assumes  hydro- 

pounds  consist  of  a  mixture  of  structural  isomerides,  in  that  an  ®a  J  .  complex 
gen  atom  oscillates  between  two  positions  in  equilibrio,  am  t  mre  y  r\:scar(jing  the 
becomes  mobile.  He  designates  the  phenomenon  as  tauto^'  ,  L  the  acgcept- 
ncertainty  introduced  into  the  classification  of  the  carbon  comp  considers 

Of  this  View,  it  has  been  noted  that  carbon  compounds  which  Laar  co  ^  ^ 
*xtures  of  structurally  isomeric  bodies  do  not  differ  in  t  leir  P  .  eaujVocal  assump- 
f  on  impounds  which  offer  no  place  in  their  structure  or  .  assjprned  it  by 
t  n-  Ry  ^e  assumption  of  tautomerism  with  the  under  ymg  under  which 

Uar’  the  experimental  solution  of  the  problem  as  to  the  conditions 
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tiseudo  form * are  capable  of  existence  is  without  *»h"  **  < ">» '  *•  •  '*  '/*, 

I » .,  ti„  „i.-»>i<,f.anof.  of  easily  ■’■»■  ft»la 

hcoi.c  of  the  rno*l  dttfcafc  VMM**?*  *«fj“  **"  "J*  *»  'i  ••>  ~ 

of  ca**§,  The  jri4efatigaM«  hUjn  of  Kv/ul  I  ictet,  made  who  P/*  a  ,'*, 

have  bright  to  light  splendid  re*olt»,  'I  b**e  are  at  the  disj//  ^o  of  chew  r/  *.v. 
ir,  th«  light  of  these  new  data  the  experiment*  relating  to  the  deterv..  ^ 

condition*  under  which  unstable  modifications  can  exist,  deserve  to  receive  caref  , 
renewed  attention, 

'I  he  preceding  section  was  prepared  in  lo^3»  Since  then,  nnmeroni  Ktx/.rx.vs, w 
of  these  views  have  been  found.  The  icAw/  constitute  the  roost  iropovfac* 
compounds,  which  are  tautomeric  according  to  l-aar.  In  there,  a-,  in  aceUAOt*. 
ester,  the  oscillation  is  between  the  ketone-  and  the  hydroxyl  forme  *  ^  ^vy 
formula,  That  the  ketone  formula  is  present  in  Kttostdic  ester  fsee  this,  -at  >» 
accepted  as  established. 

The  investigation*  of  Claisen  fA.  291,  2$),  of  Onthxeif.  1  2^5,  35  of  V*'  7/jg, 

cenus  (A.  291,  147),  and  of  Knorr  fA.  293,  70  j  hare  demonstrated  *  at  there  ex 

compounds  of  tlie  form  —  C(OH)  =  —  CO  — ,  which  readily  po*»  into  the  (m 

—  CO  —  l:li  —  CO  — ,  and  conversely  are  easily  produced  from  the  latter:  “Tie 
character  of  the  added  residue,  the  temperature  and  the  nature  of  the  v>;rer,'  *  ,y* 
case  of  dissolved  substances,  determine  which  of  the  two  forma  will  be  *.v>  kot» 

stable.”  Claisen  appears  to  think  that  the  rearrangement  of  the  group  R  —  CO— Of 

—  into  R  —  0(011)==  C  —  will  occur  more  readily,  according  as  the  radical  V  —  CO 

*• — * 

o-Acetyldibenzoyl  methane  —  CH^CfOH)  s  CfCOQH.  . 

,*  Acetyldiben/xiyl  methane  —  CH,.CO - HQ  (X>.(  tHin. 

o-body^y  i  name^exr  'f  confas‘°?  *l  would  be  better  to  characterize  he 

The  L2LhS?rfS?3  ,U.  consi,tDt^n  ;  thtts,  a-methyl'hf'diber.zoyU»  *> 
of  the  magnetic  rotations  (W  (krUbl’J'  Pr'  Cfc-  M  y>,  IQ  ^ 

investigation  of  such  i^merides  ?  ^  *  a  **  ^  m  the  cheaacai 

ical  character  and^  *  'be  lon^to*  Ijwx '  ^  C  “'Jmtrides  possess  an  entirely  distinct  caem- 

which,  according  to  theirmethxwl  r™*  ca4VM  alcohols  or  ketones),  bo:e.  e? -■* 
to  the 

^  ^  -  *•  —  typ«  ^ "UX, 

in  which  R  is  similar  to  •'  N  in  a-  .  S  NH  Y  NY 

*"f  I0.*  ** :  CH.  N ;  in  ,1,^  formazvl^wf*”-*^  ^^J****^  to  :  CH  in  the  amsdjse*. 
this  hyiTT}Xjn  ra/li°ai»-  WS, X  2Dd  Y  rcPre*ent  tw,°  'S*J 
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clatur,  B.  26,  1595.  Uebcr  die  NomencUtur  der  ringfOrmitren  V>rhi«,i 
compare  M.  M.  Richter,  B.  29,  586.  b  verbindungft,( 


PHYSICAL  PROPERTIES  OF  THE  CARBON  COMPOUNDS 

It  can,  in  general,  be  foreseen  that  the  physical  as  well  as  the  chemi. 
cal  properties  of  carbon  compounds  must  be  conditioned  by  their  corn.' 
position  and  constitution.  Such  a  regular  connection  has  been 
however,  only  determined  for  a  few  properties  ;  ’ 

’  Crystalline  form ; 

Specific  gravity,  density; 

Melting  point ; 

Boiling  point ; 

bon  f0/ the  external  characterization  of  car- 

optical  rotatory  ■  ‘ight  refracti“'>  <*> 

studying  constitution.  “  1  ‘  conduc“v!ty  are  important  in 


1. 

2. 

3- 

4- 

5- 


r.  crystalline  form  of  carbon  compounds. 

tant  marks!  By^tthe  bodv^^0?  der*vat*ve  1S  one  of  its  most  impor- 
other  substances  Thenrl  ^  poized  and  distinguished  from 
able  forms,  which  could  L  n[a  j°n  or£an,c  substances  in  measur- 
importance  i„  organt  cheS  dete™ine^  has  been  of  the  greatest 
bodies  are  always  different  M  ^  crysta^lne  forms  of  isomeric 

assume  two  or  more  form/—//’  an^  substances  of  organic  nature  can 
is  characterized  very  definite!  tJf!or^'lousy polymorphous ;  but  then  each 
existence.  y  aehni'ely  by  special  conditions  of  formation  and 

SffiftS"?  "*«* in  «“>—«  fcnns,  «  b  only 

point  of  intert  tbe  temperature  of  tr an  ^  v  •  ran£es  °f  temperature.  The  limit 

It  is  only  the  one'0”  the  soluWlity  curves  ^\t\  ,S  theoreticaIly  expressed  by  the 
below  this  teinn  the  otber  form  that  can  an  °nglng  to  tbe  two  crystalline  forms, 
solution  of  the^tv/  U/e'  *lr°m  asupersatur-it^r^i  ur?^er  normal  conditions  above  or 
other  form  to  oht*  •  orms»  's  possible  artifiri  n° and  indeed  a  supersaturated 
This  is,  hoover  o'r  Cach  of  twowS^S*7,  hy  the  introduction  of  one  or  the 
one  of  the  two  form/  ^?,SS,ble  s<>  long  as  the  Crysta,s  an<b  indeed,  both  together. 

according  toVhnd^^5  /.P'Htlo'r  feMvarS?  sol.v'"'-  “d  when  impurities  are 

®  h“*  Change,  That  fo™  ^i  ;"ay, l,e  said  lhat  this  is  na.irally 

in  n,?  these  diffegrencis  “^ne.OUsly  into  the  o  I  i/*  lhe  more  unstable  which  giv«s 
y  Aspect  orientate  acV  ^  lraced  to  the  far»r#u1°re  stable  modification.  The 
a“«-*‘ng  „  di/rtTZ  tf  “>«  OmUal  molecules  Uentual 

"  **Ue  to  molecular  aggregate 


SPECIFIC  GRAVITY  OR  DENSITY. 


59 

of  different  magnitude.  Such  modifications  are  molecular  isomerides,  the  ohenom 
enon  being  termed  molecular  isomerism  [physical  isomerism ,  Zincke  A  182  . 

O.  Lehmann,  Z.  f.  Kryst.  1,  43,  97,  453).  ’  ’  44  ’ 

Crystalline  form  bears  some  definite  relation  to  the  constitution  of  the  carbon  deriv 
atives.  At  present  it  is  true  that  we  really  know  very  little  regarding  this  relation 
That  the  slightest  differences  in  chemical  constitution  find  expression  is  demonstrated 
by  the  optically  active  carbon  derivatives.  Many  optically  active  substances  possess 
a  hemihedral  form,  and  the  two  optically  active  modifications  of  a  carbon  compound 
although  they  exhibit  the  same  geometrical  constants,  are  distinguished  by  peculiar 
left  and  right  types  (enantiomorphous  forms).  They  are  not  superposable.  The 
difference  between  two  optically  active  modifications,  in  which  the  atoms  are  similarly 
combined,  is  only  due,  according  to  the  hypothesis  of  an  asymmetric  carbon  atom 
(p.  45),  to  the  difference  in  arrangement  of  the  atoms  within  the  molecule.  From  this 
it  follows  that  this  variation  in  arrangement  finds  expression  in  the  crystalline  form. 
(Compare,  further,  B.  29,  1692.) 

Laurent,  Nicktes,  de  la  Provostaye,  Pasteur,  Hjortdahl  (see  F.  N.  Hdw.  3,  855) 
interested  themselves  in  the  determination  of  the  influence  that  chemical  relations  of 
organic  bodies  exerted  upon  ihe  geometrical  properties  of  the  crystals  of  the  bodies 
under  consideration.  This  problem,  however,  first  appeared  in  the  foreground  of 
crystallographic  study  after  P.  Groth  introduced  the  idea  of  morphotropy  (Pogg,  A. 
141,  31).  By  this  term  was  understood  the  phenomenon  of  regular  alteration  of 
crystalline  form  produced  by  the  entrance  of  a  new  atom  or  atomic  group  for  hydro¬ 
gen.  Groth,  Hintze,  Bodewig,  Arzruni,  and  others  called  frequent  attention  to  such 
morphotropic  relations  particularly  with  the  aromatic  bodies  (compare  Physikal. 
Chemie  der  Krystalle  von  Andreas  Arzruni,  1893). 

The  knowledge  of  the  connection  of  crystalline  form  and  chemical  constitution  is 
furthermore  rendered  difficult  by  the  fact  that  as  yet  accurate  determination  of  the 
magnitude  of  the  crystal -molecule  or  crystal-element  cannot  be  made.  The  possi¬ 
bility  of  doing  this  in  the  future  may  perhaps  be  found  in  van ’t  Hoff  s  theory  of 
solid  solutions. 

So  soon  as  the  magnitude  of  the  crystal  molecule  is  known,  we  may  expect  a  better 
insight  into  the  relations  existing  between  crystalline  form  and  chemical  constitution 
than  has  heretofore  been  possible.  As  to  the  rdle  of  water  of  crystallization  in  the 
salts  of  organic  acids,  consult  Z.  f.  phys.  Ch.  19,  441. 


3.  SPECIFIC  GRAVITY  OR  DENSITY. 

®y  this  term  is  understood  the  relation  of  the  absolute  weights  of 
equal  volumes  of  bodies,  in  which  case  we  take  as  conventional  units 
°f  comparison,  water  for  solids  and  liquids,  and  air  o^  hydrogen  for 
gaseous  bodies  (see  p.  27).  The  number  representing  the  specific 
gravity  of  a  compound  is  as  great  as  that  representing  its  density .  t 
frequently  occurs,  therefore,  that  the  terms  specific  gravity  and  density 
are  used  for  each  other.  ,  th 

Density  of  Gaseous  Bodies. — For  these,  as  we  have  already  seen,  tne 
ratio  of  the  specific  gravity  (gas  density)  to  the  chemical  composition  is 
cry  simple.  Since,  according  to  Avogadro’s  law,  an  equa  n 
molecules  are  present  in  equal  volumes,  the  gas  densities  - 
e  same  ratio  as  the  molecular  weights.  Being  referred  to  hydiog^ 

for^'i?  S88  der>sities  are  one-half  the  molecular  weigts. 
sneo’rthe  *****  *  the  quotient  of  the  molecu 1. J  wcig*  ^ 

and  '51C  gravity,  is  a  constant  quantity  for  all  gases  ( 

m  temperature). 


MELTING  POINT. 
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that  in  the  nng-lmking  of  the  C-  atoms  in  the  benzene  nucleus  there  is  an  appreciable 
contraction  in  volume  (A.  225,  1 14  and  B.  20,  773).  For  further  investigations  rela¬ 
ting  to  the  benzene  derivatives  see  Horstmann,  B.  21,  2211  and  Neubeck,  Z.  phvs. 
Chem.,  1,  649. 

Schroeder  determined  the  specific  volumes  of  a  number  of  solids  (B  10  848 
1871;  12,  567,  1613;  14,  21,  1607,  etc.).  ‘  ’  ’ 

In  determining  the  specific  gravity  of  liquid  com¬ 
pounds,  a  small  bottle — a  pyknometer  (Landolt,  p.  62, 

Anmerlc.  2) — is  used.  Its  contracted  portion  is  provided 
with  a  mark.  More  complicated  apparatus  is  employed 
where  greater  accuracy  is  sought  (A.  203,  4)  (Fig.  6). 

Descriptions  of  modified  pyknometers  wrill  be  found  in 
the  Handworterbuch  v.  Ladenburg,  3,  238.  A  con¬ 
venient  form  by  Ostwald  is  described  in  J.  pr.  Ch.  16, 

396.  To  get  comparable  numbers,  it  is  recommended 
to  make  all  determinations  at  a  temperature  of  20°  C., 
and  refer  these  to  water  at  40,  and  a  vacuum.  Letting  m 
represent  the  weight  of  substance,  v  that  of  an  equal 
volume  of  water  at  20°,  then  the  specific  gravity  at  20° 
referred  to  water  at  40,  and  a  vacuum  (with  an  accuracy 
of  four  decimals),  may  be  ascertained  by  the  following 
equation  (A.  203,  8)  : 

20  _ m  .  099707 

d - -4-  0.0012. 

4  v  1 

To  find  the  specific  volumes  at  the  boiling  temperature, 
the  specific  gravity  at  any  temperature,  the  coefficient  of 
expansion  and  the  boiling  point  must  be  ascertained  ; 
with  these  data  the  specific  gravity  at  the  boiling  point  is  calculated,  and  by  dividing 
the  molecular  weight  by  this,  there  results  the  specific  or  molecular  volume.  Kopp  s 
dilatometer  (A.  94,  257,  compare  Thorpe,  J.  Ch.  S.,  37,  I4L  a°d  Weger,  A.  221, 
64)  is  employed  in  obtaining  the  expansion  of  liquids,  bor  a  method  ot  getting  t  e 
direct  specific  gravity  at  the  boiling  point,  consult  Ramsay,  B.  12,  1024 ;  bchi  ,  • 

220,  78,  and  B.  14,  2761  ;  also  Schall,  B.  17,  2201,  and  Neubeck,  Z.  pbys.  Ui., 
L652. 


3.  MELTING  POINT. 

Every  pure  carbon  compound,  if  at  all  fusible  or  volatile,  exhibits  a 
definite  melting  temperature.  It  is  customary  to  determine  is  o 
the  characterization  of  the  substance,  and  to  be  assured  o  1  s  Purl 
The  melting  point  of  a  pure  compound  is  not  changed  >  recr)s  a 
zation. 

The  slightest  impurities  frequently  lower  the  melting  point  > 
considerably,  whereas  when  foreign  substances  are  Pre^j“  .  ^  there 
amounts  the  melting  point  varies  and  is  not  well  t  e  ne  •  -nt 
is  not  a  definite  melting  point.  Pressure  influences  the  -  1 

in  a  very  slight  degree. 

Determination  of  the  Melting  Point. — Such  a  determination  is  ^  this 

by  immersing  the  thermometer  in  a  molten  substance^ 
procedure  would  require  large  quantities  of  material  (  an  >  introduced  into  a 

Ordinarily,  a  small  quantity  of  the  finely  pulverizer  ma  t‘hermometer  by  a  thin 
capillary  tube,  closed  at  one  end,  and  this  is  attac  the  thermometer  and 

Platinum  wire,  or  by  adhesion  through  a  drop  of  sulphuri  .  . 
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capillary  tube  are  then  raised  somewhat.  A  beaker  glass  containing  sulphuric  acid 
or  liquid  paraffin  is  used  to  furnish  the  heat.  A  glass  stirrer  is  moved  up  and  down 
to  equalize  the  temperature.  A  long-necked  flask,  containing  sulphuric  acid  is 
sometimes  employed.  In  either  case  a  test-tube  is  inserted  or  fused  into  the  neck 
In  the  latter  case  it  is  necessary  that  the  flask  should  have  a  side-tubulure,  as  shown 
in  Fig.  7  (B.  io,  1800 ;  19,  1971,  Am.  5,  337). 

When  the  mercury  thread  of  the  thermometer  extends  far  beyond  the  bath 
it  is  necessary,  in  accurate  determinations,  to  introduce  a  correction.  This  is 
done  by  adding  the  value  n(T—  t)  0.000154  to  the  observed  point  of  fusion  ;  n  is  the 
length  of  the  mercury  column  projecting  beyond  the  bath  expressed  in  degrees  of 
the  thermometer,  T  is  the  observed  temperature,  and  t  the  temperature  registered 
in  the  middle  of  the  projecting  portion  of  the  mercury  column.  0.000K4  is 
the  apparent  coefficient  of  expansion  of  mercury  in  glass  (B.  22,  3072:  Literatur 

und  Tabellen).  After  the  melting  point  has  been 
approximately  determined  with  an  ordinary  ther- 
,=f  mometer  a  more  accurate  determination  maybe 
made  by  introducing  a  shorter  thermometer, 
divided  into  fifths,  with  a  scale  carrying  a 
limited  number  of  degrees  (about  50°).  See 
Fig.  7. 


Fig.  7. 


1  uc  inciting  points  ot  the  same  compound, 
made  by  different  observers,  often  accord  more 
poorly  than  desirable  for  identification  purposes, 

I  iiis  is  not  so  much  due  to  the  thermometers  as  to 
the  manner  in  which  the  determination  is  made. 
By  rapid  heating  the  mercury  of  the  thermometer 
will  not  have  time  to  assume  the  fusion  tem¬ 
perature.  In  the  region  of  the  melting  point  the  - 
heat  must  be  moderated  so  that  during  the  course 
of  the  fusion  the  thermometer  rises  very  slowly. 

ar  more  concordant  numbers  might  be  obtained 
ia  general  use  of  short-scale  thermometers  were 
a  opted  and  the  time  agreed  upon  for  the  mercury 
01  the  thermometer  to  rise  through  one  degree  of 
the  scale  during  the  observation  of  the  fusion- 
process.  For  the  determination  of  low  melting 
points  by  means  of  the  air  thermometer,  see  B. 

2  ,  1052.  For  the  determination  of  the  melting 
points  of  organic  bodies  fusing  at  elevated  tem¬ 
peratures,  see  B.  28,  1629;  at  red-heat,  B.  271 
3290 J  °f  C°lored  compounds,  B.  8,  687 ;  20, 

Regularities  in  melting  points  have  not  been 
especially  noticed  as  yet.  In  the  case  of 
1111c  eus  isomerides  it  has  been  observed  that 
ie  member  with  the  most  branches  generally 
s  ows  the  highest  melting  point  (see  butyl  alco- 
°  s).  Of  the  alkyl  esters  of  the  carboxylic  acids 
°se  w  ith  the  methyl  residue  have  the  highest 


...  *u  .  ,  —  **•■'/»  csicisui  me  caruuxyii'- 

me  ing  points  fsee  oxalic  estersl  °re  dle  methyl  residue  have  the  highes 
j-  *1  ^  P?.int  alternately  rises  and  fall'1  .lorn°logous  series  with  like  linkages  th< 
-1 r  )oxyhc  acids,  B.  29,  R  4IIt  ‘  4./see  saturated  normal  aliphatic  mono-  anf 
a°T%’  llave  the  lower  meLo  '  m'mbers’  llaviag  an  uneven  "timber  of 
dSerif  ?Cld  *?,i,des  '"“ing  from  6  f?tS  (Bae>’er'  B-  -»•  «»86).  This  is  •'* 
lvatives  of  the  isomeric  ben™  4  carbon  atoms  (B.  27,  R  551).  The  par8 

hydra' oCaSan°H  'he  •>«*»«  nitro melt  at  the  highest  points- 
has  been ’ol  '  a™ldo  bodies, — as  we  1  n  ‘  v1  an<*  their  derivatives, — the  azoxy-,az°  . 

served  that  as  oxygen  is  withri  16  corresP°nding  diphenyl-compounds, 
g  18  w,thdmwn  the  melting  poim  rises  until  the  azo- 
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re  reached,  when  it  again  descends  until  it  meets  the  amido-bodies  (G. 
derivatives  a  »  For  ot^tr  regularities  among  the  aromatic  compounds  con- 

SchuUz,  A.  D  5  R  For  the  melting  points  of  mixtures,  see  B.  29,  R.  75. 


4.  BOILING  POINT  (DISTILLATION). 

The  boiling  points  of  carbon  derivatives,  volatile  without  decom- 
nosition  are  fust  as  important  for  their  characterization  as  the  melting 
Lints.  ’  In  case  of  the  latter  the  influence  of  pressure  is  so  slight  that 
it  is  neglected,  but  the  former  vary  very -markedly  by  comparatively 
inappreciable  changes  in  pressure.  Hence  in  stating  an  accurate  boil¬ 
ing  point  it  is  necessary  to  add  the  pressure  at  which  it  was  observed. 
When  the  quantity  of  material  is  ample  the  boiling  point  is  determined 
by  distillation.  For  the  determination  of  the  boiling  points  of  very 
small  amounts  of  liquids  see  B.  24,  2251,  944  >  x9»  795  1  x4» 


Distillation  tinder  Ordinary  Pressure. — A  boiling  flask  is  used  for  this  purpose. 
On  the  side  of  the  neck  is  an  exit  tube.  The  neck  of  the  flask  is  closed  with  a  stop¬ 
per,  bearing  a  thermometer.  It  must  not  be  forgotten  that  very  frequently  the  vajxjrs 
of  organic  substances  attack  ordinary  corks  or  those  of  rubber,  therefore  the  exittu  e 
should  be  placed  a  considerable  distance  from  the  end  of  the  neck.  e  mercury 
bulb  of  the  thermometer  is  below  the  exit  tube  in  the  neck  of  the  flask.  1  he  latter 
should  be  filled  at  least  one-half  with  the  liquid  to  be  distilled. 

If  a  thermometer  is  not  wholly  immersed  in  vapor,  the  external  mercury  co  umn 
will  not  be  heated  the  same  as  that  on  the  interior,  hence  the  recorded  temperature 
will  be  less  than  the  real.  The  necessary  correction  is  the  same  as  has  already  been 
given  for  the  melting  point.  By  using  a  shorter  thermometer  with  scale  not  exceeding 
50°, which  can  be  wholly  played  upon  by  the  vapor,  the  correction  becomes  unneces 
sary. 

If  the  barometric  column  did  not  indicate  a  normal  pressure  of  760  mm.  (B.  20, 
709)  during  the  distillation,  a  second  correction  is  necessitated.  1  o  avoid  this  coirec 
tion  it  is  advisable  to  reduce  the  pressure  in  the  apparatus  to  the  normal.  I  he  pressui  e 
regulators  of  Bunte  (A.  168,  139)  and  Lothar  Meyer  (A.  165,  303)  are  adaptei  to 
this  purpose. 

Distillation  under  Reduced  Pressure .* — Attention  has  already  been  directed  to 
‘he  great  variation  in  boiling  points  for  variation  in  temperature.  Many  carbon 
erivatives  whose  decomposition  temperature,  at  the  ordinary  pressure,  is  lower  t  inn 
e>r  boiling  points,  can  be  boiled  under  reduced  pressure  at  temperatures  below  t  le 
point  at  which  they  decompose.  Distillation  under  reduced  pressure  is  often  the 
00  y  means  of  purifying  liquids  which,  at  the  ordinary  pressure,  boil  with  decomposi- 
ion,  and  which  cannot  be  crystallized.  This  method  is  of  prime  importance  in 
j-ientific  research  in  the  laboratory.  It  is  rapidly  being  introduced  in  technical  opera 
"ws  wuh  much  success. 

distiliVntro^uct*on  °f  boiling  flasks  with  attached  receivers  (Fig.  8)  has  made  t  e 
a  lon>  under  diminished  pressure,  of  bodies  that  readily  congeal  very  comenien 


'm  Lfahmpare  AnschUtz  and  Reitter:  “  Die  Destination  unter  vermindertem  Druck 
points  0°fratonum>”  2.  Aufl.,  1895,  Bonn.  The  tables  in  this  book  record  the  boiling 
W.  KaViikVer  "l00  'norganic  and  organic  substances  under  reduced  pressure.  George 
“  Siedetemperatur  und  Druck,”  Leipzig,  1885.  “  Dampfspann- 

K6rper  sir!!Pn”  Basel>  1893.  Meyer  Wildermann  :  “  Die  Siedetemperaturen  der 

Utui  A.  lies  eme  F^nktion  »hrer  chemischen  Natur.”  B.  23,  1 254,  1468.  W.  Nernst 
Se  ’  “  Siede-  und  Schmelzpunkte,”  Braunschweig,  1893. 
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The  thermometer  is  introduced  into  a  thin-walled  tube  drawn  out  into  a  capillary 
The  tube  is  closed  with  rubber  tubing  and  a  clip.  A  slow  current  of  gas  is  drawn 
through  the  liquid  during  distillation,  and  in  this  way  bumping  is  avoided.  Thedi* 
tillation  flask  is  best  heated  in  a  bath.  To  distil  at  pressures  lying  near  the  absolute 
vacuum,  it  will  be  found  advantageous  to  use  a  Sprengel  vacuum  pump,  which  is  set 
into  motion  according  to  Babo’s  method  by  the  introduction  of  a  water  suction  pump- 
compare  Kahlbaum,  B.  27,  1386;  F.  Krafft  and  H.Weilandt,  B.  29,  1316;  Brecht 
B.  29,  1143. 

It  will  be  found  that  the  apparatus  described  in  the  following  references  will  answer 
for  any  desired  pressure:  Staedel,  A.  195,  218;  B.  13,  839.  Schumann,  B.  18 
2085.  For  mercury  thermometers  registering  temperatures  from  55o°~7oo 0  see  li 
26,  1815  ;  27,  470.' 

Fractional  Distillation. — Liquids  having  different  boiling  points  are  separated, 
when  existing  as  mixtures,  by  fractional  distillation — an  operation  that  is  performed 
in  almost  every  distillation.  Portions  boiling  between  definite  temperature  intervals 
(from  i-io°,  etc.)  are  caught  apart  and  subjected  to  repeated  distil¬ 
lation,  the  portions  boiling  alike  being  united.  To  attain  a  mo re 
rapid  separation  of  the  rising  vapors,  these  should  be  passed  through 
a  vertical  tube.  In  this  the  vapors  of  the  higher  boiling  compound 
will  be  condensed  and  flow  back,  as  in  the  apparatus  employed  in 
the  rectification  of  spirit  or  benzene.  To  this  end  there  is  placed  on 
the  boiling  flask  a  so-called  fractional  tube  of  Wiirtz.  Excellent 
modifications  of  this  have  been  described  by  Linnemann,  Le  Bel, 
rlempel  and  others.  For  the  action  of  these  boiling  tubes  see  A. 

lg* R25i87  B‘  l8’  R‘  101'  aDd  A’  247,  3;  B*  28’  K-  352,  93«; 
Relation  of  Boiling  Point  to  Constitution. * — ( I )  Generally  the 

boiling  point 
rises  with  the 
complication 
’  of  the  mole¬ 
cule.  The 

unsaturated 
compounds 
boil  at  a 
higher  tem¬ 
perature  than 
those  that  are 

J*™*  equally  large  carbon  n^^c'of 

‘Iv  8beS‘  boil!ng  ix-tt.  n.«e  «> 

the  lower  boilincr  i  r  -a  et^'^ffrouP5-  It  may  also  be  noted  that 

251).  (3)  The misaiT^ToJ^  possess  a  greater  specific  volume  ( B- 15* 
_  .  .  the  limb  com  "^l  a,'d  co“P°"ud*  boil  somewhat  higher  that, 

lne  connection  existing  between  th*. 

the  compounds  will  be  discussed  lat#»r  :  u  mg  P°lnts  ^  chemical  constitution  of 

latCr  m  ^  several  homologous  groups. 

5-  SOLUBILITY. 

1  ne  hydrocarbons  and  th  ‘  k  1 

soluble,  or  very  slightlv  chiIIkiJ - °gen  substitution  products  are  in- 
very  readily  in  alcohol  and  irf*  JJu  Wafer*  fbey,  however,  dissolve 
derivatives  are  also  soluble  lher,  m  which  most  other  carbon 


*  Compare  W.  Markwald-  I"  1  _ _ _ 

er  Zuiammei^«zaiig  chemischer* VerlSi^,ehang,zwi5c.1:,«n  den  Siedepnnkten  upd 

aiigen,  welche  bisher  erkannt  sind.  Ber-^- 


Fig.  8. 


N> 
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Specific  Refractive  Power  or  Refraction  Constant  (R). — The  refraction  index  ( 
varies  with  the  temperature,  consequently  also  with  the  specific  gravity  of  the  liquid. 

Their  relation  to  each  other  is  expressed  by  the  equation  :  R  =  const.  =  D*  ~  * 

/  ,  D - I.\  '  + 

I  or  less  accurate  =  ——  *  1  in  which  dj  is  the  sp.  gr.  of  the  liquid  for  the  tempera- 

ture  t.  It  is  an  almost  constant  quantity  for  all  temperatures,  and  is  called  the  ’tend 
refractive  power  (B.  15,  1031 ;  ig,  2761).  *  ’  v  : - 

Molecular  Refracth’e  Pcnver  or  Molecular  Refraction  MR  is  the  specific  refractw 

power  multiplied  by  the  molecular  weight  of  a  substance;  M.R  =  -  n~  *)  ^  . 

(n*  +  2)  dt 

The  molecular  refraction  of  a  liquid  carbon  compound  is  equal  to  the 
sum  of  the  atomic  refractions  (mr,  mV,  m'V'j  : 

MR  =  amr  -J-  bm/r/  -j-  cm//r//, 

in  which  a,  b,  c,  represent  the  number  of  elementary  atoms  in  the 
compound  1  he  atomic  refractions  of  the  elements  are  deduced  from 
the  molecular  retractions  of  the  compounds  obtained  empirically  in 

TOlumK6  m\Vh,ua5,theatr°miC  ’|°^uniesare  obtained  from  the  molecular 
£3*“!  Com"}T  dial  but  on,  atomic  rerVac- 

Broved  thaf  onlvT  mfnt  '?  m  comP°unds,  later  researches  have 

tion  wMe  that  7’ "T  e',emen<s  hare  a  constan'  atomic  tefrac 

carbon,  is  influenced  bv'  that  mannertfTntm'' 

spectrum)  or  "for  u' ,  S“1'”'11  °“e  (D  °r  1" 

SmT*  ie1"  diSr* “P1' .  “too  .C,  =)  a.A 

X2',S+  'I*  =  «74,  -We  in  tripfo'uuiou 7  'is  ““ 

of  union  of  the  atoms  777  in?P°rtant  data  relating  to  the  manner 
obtained  from  the  molecular  m?  ec^e  of  a  carbon  compound  can  be 
the  greater  molec„"fc, (Undol<  “<•  «')'  That 
benzene  bodies,  confirms  th<*  3  X  1.78  =  5.34  units)  of  the 

facts,  that  there  are  present  . ie*  previously  deduced  from  chemical 
linked”  carbon  atoms  fR  l“e  benzene  nucleus  three  “double¬ 
regularities  noted  above  only  h  22S?’r  24,  666)*  However,  the 
sive  power  (the  fatty  bodiS  t  ^  for  with  slight  disper- 

greater  dispersive  power  than  *4  °  t^e,case  °f  substances  possessing  2 
ion  is  valueless  for  the  det^rm-13^-'  a^c°b°I,  the  molecular  reffac- 
-/46,  24,  1823).  nation  of  chemical  structure  (B.  i9> 

*See  Landolt,  Pogg  ^  _  - - - 

'ph34’  Ox  V^xT'  h^'  B  3*'o952  Js‘  ILIv3‘  ;  B™hI-  B-  19<  2746  and  aSai ; 

-»  2, 905  •  Eykmann,  B.  29,  R  584. 
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Tfe  rxiificy  k  5or  ctstt  ^  \  _  ^ 

tae;  k  ^  hoaerer.  aka  the  laser,  aal  s  a*so  in^ynced  =*«  of  J*-- 
21-  Uh^Sr  «f  r=*fc^ »  ike  *««»«■  <*  “ ‘3‘S 

r«»r  per.- of  »  FiettiM.  the  t==>=2=^  •=.;  t".!*r^f  -“--,T^tcoc 
-  -  '  '  b-  iadnd  <L  Bt  nrisags^  1  <rf  »£><«,  ot  u^voo 

,  the  saaee^ee  of  the  sourer:  may  he  J^Zaj 

_ tor  the  tree  natatory  eunrtast  of  the  F«re  ^^^1  “^iai  the  =  ecshr 

the.  hr  calealafcd.  The  prodact  of  the  spe~JC  ^  rotatory  powesj^- 
aeigbt  P  dmded  by  100  is  dfggrared  the  mAermlar  tXoUtj pr*er . 

„  p  M 

p*i=w 

C»«i  E.  m,  191. 1586,  2599.  “fo°  •"  ■■•■““  “*  “*cn"  ~  -  — 

"tEKS.  —  —fc  *«  «'  “  »*< 4-M  ** 

the  aork  of  Laadok  already  referred  to  (see  p.  02. no*-  -  sa^  ^  tartaric 

In  1S4S  Pasteur  demonstrated  that  in  opcicaj  J  *£*•*  ^  d-rstaliine  form, 

add  aad  ks  salts,  the  rotatory  poaer  is  -ianes.  In  "the  discussion 

«d  k  nsoally  conditioned  by  the  existence  of  hr:iKrifd^P  to  the  fact  that  Pasteur 
<*  the  stereochemical  or  spacial  theories  reference  aas  .  ..  actire  carbon  com- 

'-^*dered  the  asymmetry  structure  of  the  molecules ;of  oph 

Pr*adi  as  the  ra-  of  their  remarkable  action  cp^n  P°  _ _ —  — - - 

*C  Pulfricb,  Das  Total  reflect  ometer,  etc.,  LeivziS-  I^>_ 

f  Compare  Landoh,  Das  oplische  Drehungsrermoge  , 
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According  to  the  theory  of  Le  Bel  and  van  't  Hoff,  the  activity  of  the  carbon  com 
pounds  is  dependent  upon  the  presence  of  asymmetric  carbon  atoms  (p.  45), 

So  far  as  they  have  been  investigated,  all  optically  active  carbon  compounds  co- 
tain  one  or  several  asymmetric  carbon  atoms.  However,  many  compounds  coniain 
ing  asymmetric  carbon  atoms,  when  they  exist  as  liquids,  or  when  present  in  solution 
have  no  effect  upon  polarized  light.  This  is  true  when  two  molecules  of  opposite  1  ut 
equal  rotatory  power  unite  to  a  molecule  of  a  physical,  polymeric  compound,  t  - 
inactive  lactic  acid,  inactive  malic  acid,  inactive  asparagine,  inactive  aspartic  acid* 
racemic  acid,  etc.;  also,  when  the  half  of  a  molecule  neutralizes  the  rotation  pro' 
duced  by  the  other  half,  as  in  mesotartaric  acid.  It  has  also  been  shown  that  ia 
the  conversion  of  optically  active  bodies  into  other  derivatives  the  activity  continue* 
so  long  as  the  latter  contain  asymmetric  carbon  atoms.  When  the  asymmetry  dis¬ 
appears,  the  derivatives  become  inactive.  The  two  active  tartaric  acids  Yield  two 
active  malic  acids.  Active  asparagine  yields  active  aspartic  acid,  active  malic  acid 
etc.,  whereas  the  symmetrical  succinic  acid  that  may  be  obtained  by  reduction  is 
inactive. 

The  conversion  of  optical  antipodes  into  each  other  has  been  accomplished  with 
the  malic  acids  in  the  following  manner : 

Phosphorous  pentachloride  changes  1-malic  ester  into  d-chlorsuccinic  ester,  which 
silver  oxide  converts  into  d-malic  acid.  Conversely,  d-raalic  ester  and  phosphorous 
pentachloride  yield  1-chlorsuccinic  ester  and  the  latter  is  then  rearranged  to  1  malic 
acid  (Walden,  B.  29.  138). 

Thus  far  an  optically  active  carbon  derivative  has  not  been  indirectly  prepared.  The 
asymmetric  bodies  prepared  artificially  from  inactive  substances  are  inactive.  This  is 
explained  by  assuming  tnat  in  such  cases  both  modifications  occur  in  equal  amounts, 
and  manifest  a  tendency  to  combine  to  the  inactive,  phvsically  polymeric  molecules. 

Optically  active  carbon  derivatives  can  be  directly  built  up,  because  it  is  possible 
to  decompose  optically  inactive  asymmetric  substances,  whose  molecule  consists  of  a 
dextro-  and  laevo- molecule,  into  their  components. 

Breaking  Down  of  Inactive  Carbon  Compounds  into  their  Optically  Act- 
ive  Components.  Methods  1,  2,  and  4  were  employed  by  Pasteur  (1S4SI  in  his 
study  of  the  racemates  and  racemic  acid.  This  classic  investigation  of  Pasteur  con- 
c^n  (peX^nmeDtal  baSiS  f°r  the  thCOry  oister^bemistry  or  the  space  cAemistryoi 

derSfr" A  Up°n  sSlMnZ  b  crystallisation. .  The  substance  itself,  or  its 
derivatives  with  optically  inactive  compounds,  is  crystallized  at  varying  temperatures 
.  ^n'arious  solvents.  In  the  case  under  consideration  it  is  possible  to  separate 
sodVmbtnmCeb  ShOWm§  enant»°“orpbous  hemihedrism.  Thus,  from  a  solution  of 
dextro  an  l  ,loniura  r'iLemate  below  2S0  hemihedral  crystals  of  sodium-ammonium 

/  te'°  tartes  can  ^  obtained  (B.  19.  2148). 
stances  ' '  Pa-tenr  ni!<rn{ formt2tion  oj  compounds  with  optically  active  sub- 
cineand  cinchonine?^  separating  d-  and  1-tartaric  acids  through  their  quini- 

were  distin<mi*he  1  hv  •'  •  ^1S  'T*f  bfcause  these,  being  no  longer  enantiomorphous. 

each  other.  *  solubility,  hence  could  be  very  easily  separated  from 

forming  salt?  o^the Utte^with*^  meth?J  to  resolve  inacthe  bases.  He  did  this  b> 
synthetic  inactive  coning  ^  an  ,actlve  aci<i-  It  "as  thus  that  he  decomposed 
its  active  components  an  .^'^Propylpiperidine)  by  means  of  dextrotartaric  acid  into 

COn'ne~occurringiti^mlock!ltbeS'S  °f  **  **  ^ 

(E.  Fischef,'  B.^8?^29)SUCh  “  maltase  or  euiulsin,  decompose  racemic  glucoses 

the  aqueous  solution^f1  a^in  a -T6  S.UUable  lungus  such  as  penuillium  gtaucu*  inU 
modification  will  be  destmv„t  ,'e  ^o^T*  capable  of  decomposition,  the  one 
yields  lavotartaric  acid  •  in  j.-’/v  '  £rovvth  of  the  fungus:  thus,  racemi . 

carlnnol  yields  lsevo-methvl-nronvi yields  dextroamyl alcoAol ;  met  Ay.  /r'#‘ 
glycol,  etc.  '  p  l  -' 1  carbmol ;  propylene  glycol  yields  lsevo-prop)len 


OPTICAL  PkOPEkTIE*. 


In  tbecaie  of  the  same  optically  inactive  NhHwe  one  fungus  will  leav*  the  one 
modification  unaltered,  while  another  fungus  will  leave  the  other  uyAifs.Mioa  t}** 
renuilhum  jrlaucum  or  Bacterium  term*  will  convert  synthetic  inactive  r/^v>> 
aad  mtr.  ^^  manaelKr  aad  while  sacebaromyces  eliipsoideus  or  sdrizZycrte, 
change*  it  to  bevo-mandelic  acid,  7 

Con*ult  B.  23,  3000  for  the  complete  literature  relating  to  the  decomposition  df 
racemate  Biodifk^Ukms.  r 

Carton  compounds,  in  which  an  asymmetric  carion  atom  t*  not  present  eonid  not 
he  decomposed  by  these  methods  fA.  239,  164;  B.  18,  13^  ,. 

Conversion  of  Optically  Active  Substances  into  their  Optically  Inactive  Modifi¬ 
cation-,.— While  soluble  salts  of  optically  inactive,  decomposable  carbon  comtouwb 
may  be  decomposed  by  crystallization  under  proper  conditions  of  temperature,  mar.r 
others  reunite  to  a  salt  of  the  inactive  body,  especially  if  the  Utter  dissolves  with 
difficulty.  Solutions  of  laevo-  and  dextro  umrate  of  calcium  when  mixed  yield  a 
precipitate  of  calcium  tartrate,  which  dissolves  with  difficulty.  The  free,  optically 
active  modi  flea:  ions  unite,  as  a  rule,  very  easily,  in  solution  and  when  mixed,  to  form 
the  inactive  decomposable  modification,  c.  btro-  and  dextrotartaric  acid  yieU 
racemic  add.  The  esters  of  these  adds  conduct  themselves  in  a  similar  manner: 
hero-  and  dextro- tartaric  methyl  esters  unite  directly  and  in  solution  to  racemic 
methyl  ester  (B,  18,  1397)-  It  is  furthermore  a  fact  that  in  energetic  reactions,  or 
when  heated,  the  active  varieties  rapidly  pass  into  the  inactive  forms,  e.  dextro¬ 
tartaric  at  1 73°  yields  racemic  add,  and  at  165°  mesotartaricadd.  At  1  fee  dextro 
and  hevo-mandelic  adds  pass  into  inactive  mandelic  add, 

A  corresponding  deportment  is  observed  ha  the  decomposition  of  allcminoids,  when 
heated  with  baryta,  into  inactive  leudn,  tyrosin,  and  glutamine,  while  at  a  lower  tens' 
perature  hydrochloric  add  produces  the  active  modifications  fB.  18,  388;.  Tor  an 
experimental  explanation  of  the  transformation  of  optically  active  substances  into 
their  inactive  modifications  compare  A.  Werner  in  R,  Meyer’s  Jahrboch  der  Chemie 

h  130. 

Philippe  A.  Gave  has  recorded  observations  upon  the  influence  of  the  chemical 
constitution  of  carbon  bodies  upon  the  direction  and  change  in  their  rotatory  power, 
He  especially  considers  the  changes  of  man  in  the  different  atoms  and  atomic  grvzps 
in  union  with  the  asymmetric  carbon  atoms,  and  the  consequent  oscillatkeis  v~ 
centres  of  gravity  of  the  molecules :  Etude  sur  la  dissymetrie  mdecalaire:  Area,  d. 
sdenc,  phys.  et  nat.  [3]  26,  97,  Geneve,  1891 ;  compare  BuiL  soc.  ch.  160, 1 ,  7- 

c.  Magnetic  Rotatory  Power. — Faraday,  in  1846,  discovered  tnat  trat^paren-, 
isotropic,  optically  inactive  bodies  were  capable  of  rotating  the  ©scisiat>ng  pjne 
polarized  light  when  one  column  of  the  same  was  brought  into  tne  magnetic 
when  it  was  surrounded  by  an  electric  current.  The  power  of  retain 
tinned  as  long  as  these  influences  were  active,  hence  this  distinguished  magnetic 
tory  power  from  the  rotatory  power  of  optically  active  carbon  ^p;>unds-lt 
varies  with  the  location  or  posh  ion  of  the  magnetic  pole  or  the  direction  ..  -  - 
trie  current.  .  .  .  .  ^ 

Specific  magnetic  rotatory  power  is  the  degree  of  rotation  the  y 
*  ray  of  fig£\ustams  wten  U  passes  through  a  layer  of  liquid  of  drfudeto*»«, 

exposed  to  the  influence  of  a  magnet.  The  unit  of  exoos^i  10  the 

dated  by  a  layer  of  water  of  like  temperature  and  like  thickness  when  ex.*^ 

K^Ury  /W.-TO s 

liquids  where  thickness  has  been  so  chosen  that  in  each  snni  .  j  r  ratxtory 

one  mokcukr  weight.  The  unit  in  this  case  can  also  be  the  molecmar  j 

power  of  water.  .  ,  .  ,  ..j.,  »he  relations 

W.  H.  Perkhj,  Sr.,  has  occupied  himself  v«y  extensively  g  J7,  R. 

of  the  magnetic  rotatory  power  to  the  constitution  of  carbon  ^  cafpon 

S49,  obtains  an  ex  hatutive  article  upon  the  magnetic  rxa-xry  /> 
co*oj<einds,  as  well  as  an  account  of  the  expert ments. 
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7.  ELECTRIC  CONDUCTIVITY. 

It  is  well  known  that  substances  capable  of  conducting  electricit  • 
arrange  themselves  into  two  widely-separated  groups :  conductors  of  the 
first  class,  or  those  which  conduct  electricity  without  sustaining  any 
change,  and  conductors  of  the  second  class,  or  those  which  constitute 
the  electrolytes,  and  conduct  only  with  their  simultaneous  separation 
into  two  ions.  Conductivity  can  also  be  considered  as  a  resistance 
which  the  conductor  opposes  to  the  passage  of  the  electricity.  This 
resistance  has  the  reciprocal  value  of  the  conductivity.  The  customary 
measure  of  conductivity  or  resistance  is  the  mercury  unit.  This  is  a 
column  of  mercury  of  one  sq.  mm.  cross  section,  and  one  meter  in 
length,  at  the  temperature  o°. 

Ostwald’s  investigations  have  demonstrated  that  the  conductivity  of 
electrolyte  is  intimately  related  to  chemical  affinity.  It  is  a  direct 
measure  of  the  chemical  affinity  of  acids  and  bases.  Therefore,  the 
determination  of  the  conductivity  of  electrolvtes  (in  aqueous  solution ) 
to  which  all  organic  acids  and  their  salts  belong,  is  of  great  interest 
and  importance  for  all  carbon  derivative. 


-JSJJSfV  S^eSted*  Ter?  simPle  and  accurate  means  of  determining  the 
oductmnr  of  eiectiOiVtes,  which  has  been  extensively  applied  bv  Ostwald.f 

tion  °f  aiteraalin?  currents,  produced  bv  an  induc¬ 

tion  spiral,  so  that  the  disturbing  influence  of  galvanic  polarization  is  obvfated. 

ductivity  ot  electrolyte  is  not  referred  to  the  percentage 

taineri  hv  ir  ^l^eous  solutions,  but  (as  the  conductivity  is  ascer- 

an  emix^le  10?s)  to  so^utlcais  containing  a  molecule,  or 

S”1”5'  This  is  the  m,Utvlar( or 

equivalent)  conductmty  ot  the  substance  (Z.  phvs.  Ch.  2,  56;). 

tod  coodnctiviry,  then  lie  tiled  alkalies 

adds  in  conductivity  Tb*  ~  '  ?  l^ieiJ  a'taj  approach  those  of  the  str:rg 

^-T*"**-"**”**!  hxyea.4  bv  aboct  a  per  cent  pet 
the  poor  coodoeton  it  i.  far  .Z  increasing  dilorion,  and  in  the  case  ce 

it  approximates  x  tile  I0011  “eductors ;  in  both 

artaioed  at  a  dilution  of  icco  h'tres  *o  Ta-Q?-  good  conductors  this  is 

conducting  power  it  is  oo'v  tv-,  J  e  pam-mo.ecu.e ;  while  with  those  poor  n 

Tar'a:  -<  increase  of  the  molecular  salts  of  ail  adds  is  the 

Uue  both  in  the  case  of  s’^e  et^o  adutli»j(j  with  increasing  dilation.  This  s 

the  latter  class  1,  „  varies  7^  *5^  mast  organic  acids  belong  to 

mmobasie  adds,  this  increase  to  l**e*r  basicity.  With  sodium  salts  ot 

for  the  equivalent  of  substance  -  ■>  naits'  ^7  dilation  of  to-iozo.  .ires 

«  the  tribasic  -S-51,  ^^tsrfdttwsic  adds  from  2o-ct  ™*s,  for  those 

alvct  50  units.  '  ”  e  tetah*ac  *i»ut  40.  and  those  of  the  penxabask 


*  Wiedemann,  A.  u,  655. 

t J-  pc.  Ch.  32.  300.  and  »  ....  7  ,  _ 

-xj-  ;  2.  poys.  Ch.  a,  5c 
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Thus  it  may  be  seen  that  the  increase  in  conductivity  of  acids,  in 
their  sodium  salts,  offers  a  means  of  determining  the  basicity  and,  con¬ 
sequently,  the  molecular  magnitude  of  acids  (Ostwald,  Z  phys.  Ch.  1, 
74  and  97  ;  2,  901  ;  Walden,  ibid. ,  1,  5.30,  and  2,  49). 

Molecular  conductivity  has  acquired  still  greater  importance  by  its 
application  to  the  measurement  of  the  dissociation  of  the  electrolytes; 
it  is  at  the  same  time  the  measure  of  the  reactivity  or  chemical  affinity, 
first,  of  acids,  then  bases,  and,  finally,  of  salts. 

Arrhenius’s  electrolytic  dissociation  theory  maintains  that  in  aqueous 
solution  the  electrolytes  are  more  or  less  separated  into  their  ions ; 
this  would  give  a  simple  explanation  for  the  variations  of  solutions 
from  the  common  laws  (under  osmotic  pressure,  under  the  depression 
at  the  freezing  point,  etc.).  The  dissociation  is  also  manifest  in  the 
molecular  conductivity,  for  the  latter  is  dependent  upon  the  degree  of 
dissociation  and  the  speed  of  migration  of  the  free  ions ;  it  is  directly 
proportional  to  the  quantity  of  the  latter. 


Molecular  conductivity  increases  with  dilution  and  dissociation.  When  the  latter 
is  complete,  it  attains  its  maximum  ( fi ).  The  degree  of  dissociation  (m)  (or  the 
fraction  of  the  electrolyte  split  up  into  ions)  for  any  dilution  is  found  from  the  ratio 
of  the  molecular  conductivity  at  this  dilution  (,u)  to  the  maximum  conductivity  (for 
an  indefinite  dilution)  : 


The  latter  (tfao )  cannot  be  directly  measured  in  the  case  of  free  organic  acids,  because 
most  of  them  are  poor  conductors.  But  it  can  be  obtained  from  the  molecular  con¬ 
ductivity  of  their  sodium  salts,  by  deducting  from  their  maximum  values  the  speed  of 
migration  of  the  sodium-ions  (41.1),  and  adding  those  of  the  hydrogen-ions  (2  5-  )• 
Since  the  molecular  conductivity  depends  upon  the  dissociation  of  the  electro  ytes 
into  their  ions,  their  alteration  by  dilution  of  solution  must  proceed  by  the  same  laws 
as  those  prevailing  in  the  dissociation  of  gases.  1  his  influence  o  1  ution  or 
volume  (v)  upon  the  molecular  conductivity,  or  the  degree  of  dissociation  is, 
therefore,  expressed  in  the  equation : 


m' 


y(i — m) 


=  K, 


which  represents  the  law  of  dilution  advanced  by  Ostwald  (Z.  phys.  Ch.  ** 

270).  This  law  has  been  fully  confirmed  by  the  perfect  agreement  of  the  calcu 
and  observed  values  (van  ’t  Hoff,  Z.  phys.  Ch.  2,  777)-  .  . ,  ,  it  „ 

The  value.  K,  is  the  same  at  all  dilutions  for  every  monobasic  aci  >  y, 

characteristic  value  for  each  acid,  and  is  the  measure  of  its  c  emica  „  2 .0 

determination  of  these  chemical  affinity-constants  by  Ostwa  <  or  .  ution  of 

acids,  has  proved  that  they  are  closely  related  to  the  structure  an  > 

organic  acids  (Z.  phys.  Ch.  3,  170,  241,  369)-  LlteratJre  :  ntTsch  and  Miolaffi', 

Ch.  8,  833.  Affinity  values  of  stereo- isomeric  compounds.  II 

Addendurn:  Determination  of  affinity-coefficients :  Conrad,  Hecht,  and 

^  Ch. 3. 450,4. *75.  «3« .  J.  **.  f  Satbuch  l.% 

286;  270,204,  208;  274,  1 21,  141,  156.  Nernbt,  K.  Mey  j 
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HEAT  OF  COMBUSTION  OF  CARBON  COMPOUNDS.* 

“The  quantity  of  heat  evolved  in  any  chemical  change  is  a  measure 
of  the  total  work,  both  physical  and  chemical,  occurring  in  it.”  The 
determination  of  the  quantity  of  heat  developed  in  complete  combu*. 
tion  is  alone  adapted  for  the  determination  of  the  energy  content  of 
carbon  compounds. 

In  determining  the  heat  of  combustion  of  a  carbon  compound  Berth- 
elot  burned  it  in  an  atmosphere  of  oxygen,  which  was  under  a  pressure 
of  25  atmospheres.  The  operation  was  conducted  in  calorimetric 
bombs  lined  on  the  interior  with  platinum  or  enamel.  The  electric 
spark  was  used  to  bring  about  the  explosion,  or  the  ignited  combustion 
products,  resulting  from  heating  a  thin  iron  wire  by  electricity,  were 
made  to  serve  the  same  purpose. 

The  method  is  so  accurate  that  it  answers  for  the  detection  of  even 
traces  of  impurity  in  an  organic  compound,  the  heat  of  combustion  of 
which  is  known  (J.  pr.  Ch.  N.  F.  48,  452  ;  Z.  f.  angew.  Ch.,  1896, 
p.  486). 

On  the  basis  ofBerthelot’s  principle  :  “The  difference  of  the  heats  of 
combustion  of  two  chemically  equivalent  systems  is  equal  to  the  heat 
development  which  corresponds  to  the  passage  of  the  one  system  into 
the  other,  it  is  possible,  knowing  the  heat  of  combustion  of  a  carbon 
compound  to  calculate  its  heat  of  formation.  The  heat  of  combustion 
of  the  compound  is  deducted  from  the  sum  of  the  heats  of  combus¬ 
tion  of  its  elements. 


The  heat  of  combustion  of  methane  equals  21.  9  cal. 

„  ..  “  “  “  diamond-carbon  is  94  cal.,  and 

“  “  hydrogen  equals  69  cal. 


94+  2. 69  —  21 1. 9  =  20.1. 


94+  2. 69  —  21 1. 9  =  20.1. 
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ence  upon  the  heat  of  formation  and  the  heat  of  combustion.  The  difference  of  6 
cal.  in  the  beats  of  combustion  of  fumaric  acid  (320.1  cal.)  and  maleic  acid  (226  2 
cal.)  is  more  striking  if  we  grant  similar  linking  relations  in  the  two  acids,  as  isdone 
by  the  adherents  of  the  siereochemically  different  structural  formulas  of  maleic  and 
fumaric  acids  (see  these). 

The  passage  from  a  double  linkage  to  two  single  linkages,  as  well  as  a  triple 
union  to  three  simple  unions  is  accompanied  by  considerable  loss  in  energy.  The  rela¬ 
tion  of  the  heats  of  combustion  of  aromatic  substances  to  their  hydride  derivatives  is 
noteworthy.  The  differences  of  the  heats  of  combustion  of  the  dihydro- and  their 
corresponding  unaltered  benzenes  is  considerably  greater  than  the  difference  of  the 
heats  of  combustion  of  the  corresponding  tetrahydro-  and  dihydro-,  as  well  as  the 
hexahydro-  and  tetrahydro-benzene  derivatives.  As  to  the  contradictory  conclusions 
which  have  been  deduced  from  these  facts  in  regard  to  the  manner  of  union  of  the 
carbon  atoms  in  the  benzene  ring,  see  A.  278,  1 15 ;  B.  27,  1065;  J.  pr.  Ch.  N.  F. 
48.  452  J  49.  453* 

The  varying  stability  of  tbetri-,  tetra-,  and  penta-methylene  rings  referred  byBaeyer 
to  the  varying  ring-pressure  (compare  the  introduction  to  the  carbocyclic  compounds), 
also  manifests  itself  in  the  heats  of  combustion,  whereas  no  difference  could  be 
detected  between  the  penta-  and  hexa-methylene  rings.  As  to  how  far  observa¬ 
tions  upon  the  mentioned  carbocyclic  compounds  can  be  applied  to  deductions  upon 
constitution,  it  may  be  said,  for  example,  that  the  heat  of  combustion  of  camphoric 
acid  excludes  the  assumption  of  a  tri-  or  tetra-methylcne  ring ;  however,  it  argues 
for  the  presence  of  a  penta-  or  hexa-methylene  ring  in  camphor  (J.  pr.  Ch.  N.  F.  45, 
475  ;  A.  292,  125). 


ACTION  OF  HEAT,  LIGHT,  AND  ELECTRICITY  UPON  CARBON 

COMPOUNDS. 


ACTION  OF  HEAT. 

Substances  that  react  most  energetically  upon  each  other  d<>  not  do 
#0  at  very  low  temperatures  (Raoul  Pictet,  Arch.  d.  Scienc.  p  ys.  e 
nat.  de  Geneve,  1893),  cven  when  subjected  to  the  greatest  pressure, 
and  when  their  molecules  arc  in  most  intimate  contact.  A  c  m  e 
temperature  is  essential  for  the  occurrence  of  chemical  action, 
energy  of  a  reaction,  the  time  within  which  it  proceeds,  is  lag \  y 
dependent  upon  the  temperature  of  the  substances  acting  "Pon 
other.  Hence  the  determination  of  the  most  favorable  ^mP 
for  the  reaction  is  an  important  matter.  It  must  be  remem  ><  r 
the  heat  developed  in  chemical  changes  frequently  increases  the 
reaction -temperature  rapidly  to  the  point  of  decomposition. 

,  the  violence  of  the  reaction  must  be  moderated  by  coo >  8 
the  use  of  indifferent  diluents,  in  which  the  substances  ac 
each  other  will  be  dissolved  before  the  reaction  occurs. 


t  hr  action  of  chlorine  upon  toluene  (are  thl»)  or  upon  methyl  toluen  ^  n  t}je 
/fu  4,ly  well  h<*w  much  the  kind  end  nature  of  the  action  if  I  ^  hydrogen  of 
^retire.  At  the  ordinary  temperature  the  chlorine  substitutes  the  uy  b 
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the  phenyl  residue,  while  at  the  boiling  temperature  it  is  the  hydrogen  of  the 
group  which  is  replaced :  1  -v- 

/ — - ^  CH.C1.CH, 

c  H  CH  Clt  /  Ordinary  temp. 

^ - 7 - a - C6H5.CH.C1. 

At  iio°-iii°  65  * 

Numerous  analogous  observations  are  known. 

In  general,  carbon  compounds  are  much  less  stable  under  the  influ 
ence  of  heat  than  the  inorganic  bodies.  When  the  qualitative 
examination  of  organic  bodies  was  discussed,  mention  was  made  that 
many  carbon  compounds  decomposed  with  the  separation  of  carbon 
under  the  influence  of  heat.  n 

Otter  compounds,  when  heated  at  the  ordinary  temperature 
rearrange  themselves  without  alteration  of  their  molecular  magnitude’ 
while  some  polymerize.  Compounds,  volatilizing  undecomposed  at 
ordmary  pressure,  decompose  when  their  vapors  are  conducted 

mSer  with  n?r‘,L,  * m,e’  b°d“S  are" 
,hf halogens  tetert  Carbon,zat,on-  The  splitting-off  of  hydrogen, 
iteimai  raTon  ^  t  1  S’aWa‘er^d  ammonia  leads  to' a  more 
atoms  which  previously  combined  carbon  atoms,  and  carbon 
infrequently  combine  to  vi!^  K0t  UI?.,ted  with  one  another  not 
Pyrocondensations  result  (B.  1 1,^21 4)  and  heteroc}'clic  bodies- 

bew  frequent  h!  McouMCTedrt'T'6  *UCh  results  from  heat  action  wiU 
pl  ~ 

formed  by  the  decomDosit°n  coaltar’  n  contains  the  liquid  bodies 
This  starting-out  material  °  COa*  under  tbe  influence  of  heat, 
scientific,  theoretical  organic  chTn ?rtant  both  for  the  development  of 
lstry  (coal-tar  industry? Tt  f  7’  ™  Wel1  33  for  technical  chem- 
erocyclic  compounds,  s/able  unde^ielnScTo"  heate^'  ^ 


Benzene. 

q,h4s 

Thiophene. 


V  v?10^8 

Naphthalene. 


Ahsn 

Pyridine. 


p  H 

Anthracene,  Phenanthrene. 


.  exerts  a  great  J,  ACT'°N  °F  LlGHT' 

conr°r™  rndCti°nS  Sf  ^  kind  te  Tl  TP™  ““Pounds.  The  « 
lng  cases  in  the  province  of  ^  °f  ‘norgan'c  chemistry  ha 
Lirt,  u  K,  or*anic  chemistry. 

Lignt  is  able  to  hrlr./.  .  3 

thesis  of  carbon  bodies*  T  the  decon*position  tl 

deposition,  so,  too,  the  alkvl  i^S  j  ^  the  haloid  sal/^6-  rearransement,  and  the  s) 

eir  colorless  solutions  ora-i  'nes Separate  iodine  S  s  dver  decompose  with  sib 

gradually  become  yX"Und"r  the  influence  of  light.  Her 
*  ®W  and  Anally  dark  brown  in  col. 


ACTION  OF  LIGHT. 
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Ethyl  mercuric  iodide  breaks  down  into  mercurous  iodide  and  butane.  Experience 
teaches  that  many  other  carbon  derivatives  decompose  more  or  less  rapidly  when  they 
are  exposed  to  sunlight.  Hence  they  must  be  preserved  in  the  dark  or  in  vessels 
constructed  from  brown  colored  glass,  which  absorbs  the  chemically  active  rays  of 
sunlight.  It  is  technically  important  that  an  organic  dye  should  resist  the  influence 
of  light.  Most  of  them  are  not  fast  colors,  they  are,  on  the  contrary,  bleached  by 
light. 

Of  the  decomposition -reactions  produced  by  sunlight  mention  may  be  made  of  the 
transposition  shown  by  succinic  acid ,  mixed  with  uranic  oxide  ;  it  splits  off  carbon 
dioxide  and  propionic  acid  results  (A.  133,  253) : 


C02H.  CH2.  CH2.  C02H  =  C02  +  CH3.CH2.  C02I I . 


Solutions  of  tartaric  acid  and  citric  acid,  mixed  with  uranic  oxide,  are  similarly  de¬ 
composed  by  sunlight  (A.  278,  373).  .  ,  . 

On  exposing  anthracene  (see  this)  in  benzene  solution  to  sunlight  it  passes  into  a 

polymeric  modification,  phenanthracene.  ., 

The  combination  of  carbon  monoxide  and  chlorine,  forming  carbonyl  chloride  or 
phosgene  (Davy)  is  analogous  to  the  complete  union  of  hydrogen  and  chlorine,  form¬ 
ing  hydrogen  chloride,  in  sunlight : 

H2  +  Cl2  =  2HCI ;  CO  +  Cl2  =  COC1, 


The  action  of  chlorine  upon  marsh  gas  (p.  82),  formaldehyde  (B.  29,  R.  88),  and 
other  carbon  derivatives  which  can  be  substituted  is  much  influenced  by  sunlight. 

The  experiments  conducted  by  Klinger  show  that  the  chemical  action  of  sunlight 
is  susceptible  of  more  extended  application  than  it  has  yet  found,  and  that  compounds 
can  be  produced  by  it,  which  could  only  be  prepared  in  the  ordinary  chemical  way  y 
most  powerful  or  refined  means.  He  found  that  ethereal 
benzil,  and  phenanthraquinone  are  reduced  with  the  formation  of 

that  acetaldehyde,  isovaleraldehyde,  and  benzaldehyde unite,  under  the  influence  of 
sunlight,  with  phenanthraquinone  in  accordance  with  the  equation . 


C6H4.CO 

c6h4.co 


4-  CHjCOH 


Phenanthra-  Acetaldehyde, 
quinone. 


QH4.CO.COCH3 

=  I  II 

c6h4.coii 

Monacetyl  phenanthren- 
hydroquinone. 


Isovaleraldehyde  and  benaaldehyde  also  unite  directly  ™‘h 
a  still  more  striking  manner,  in  that  a.  nucleus-synthesis  (p.  5) 

dehyde  the  reaction  proceeds  as  follows : 


C6H402  +  C6H5.COH  =  C6H5.CO.C6H3  (OH) 

Benzo-  Benz-  1  1  A 

quinone.  aldehyde 


—  6  5‘  a  \  _ 

Dioxybenzophenone — isomeric  with  the 
expected  Monobenzoyl  hydroquinone. 


O  Nitrobenzylidene  acetophenone  in  ethereal  solution  is  changed  by  sunlight  to  in 
digo  and  benzoic  acid  (Engler  and  Dorant,  B.  28,  2497) : 


2C6H4 


[1] COCH=CH.C*H5 

=c6h4 

[2] NOs 


[1]  cox 

[2] Nfl/ 


c=c 


/CO  [I] 
\NH[2] 


C#H4+ 2C6H6C02  h 


The  study  of  these  reactions  promises  much  for  the  interpretation  of  the  chemical 
changes  occurring  in  plants. 
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3.  ACTION  OF  ELECTRICITY 

method  which  wiHcause  theun^on  of  f^hydro^JShf  T t?  ^ 
consists  in  the  action  of  the  electric  snarl-  „lf„  ^  h /ree  chlorine, 
Berthelot  showed  that  carbon  and  hydrogen  combi ned^reM^1118, 

***** 

CH=CH 


Acetylene  and  nitrogen  (A  Tc„ 

Jjl  +n.  =  2cnh;  ?n+h 

C"  iN+H,  =  2CNH;  CO  +  3h.  =  CH.  +  H.O. 

On  the  other  hand  krnih  j 

Current  a^d^iCDreC';rho,X^ic  solutions  of  the  potassiu 

the  breaking-downPof  thrd  (d'methy1  or  ethane  *  The*  f  ^  a.Cetate>  by  the  eIectI 
8  n  of  the  Potassium  acetate :  he  follow,ng  equation  represen 


HO- 

chs:co.Ik+ho!: 


koh  h 


==  A-  3-t-'  1 1  * 

Kekul*  applied  thic  •  CH*  CO*  KOH+H 

fumaric^cid,  male* '£*'*»****  acids,  ,  sue 
79 ;  J.  pr.  Ch.  [2]  6  *  J?5sacon,c  acid,  citraconic^v^3*^  dlcarboxvlic  ac 
hydrocarbons  as  ethvlenl  56  :  7*  *4«),  with  thJ  j’  and  'iconic  acid  (A. 
dicyanide  from  cyanacetiV3^!?  ene>  a^>'Iene.  KolKPr0<^jC»'0n  such  unsatur 
the  potassium  salts  of  thearvf  4>  519).  Crum  R  3n<  ^Ioore  obtained  etliy 

thC  ^  este*  of  the  dfcaXxy S?.?*  -T‘  Walker  inc'1 

}  c  acids  in  the  circle  of  tl 
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pot*»*ium  ethyl- 


rr«r  lions,  «hu*  obtaining  the  natural  enter*  of  <Jib»»ic  add*,  e  /  \„,\A 

rnalonaf'*  yielded  succinic  diethyl  eater  (A.  261,  107;  H.  24,  k.'  26 .  a  27„  ... 

r  ^  ml'  If't  'U<  <*!ectru°,y‘'*  of  *«  elcohoUc  solution  of  w’^iurn  rn  atonic 

diethyl  cater  Mulliken  obtained  ethane  telracarboxylic  eater  ( H.  2ti  k  4C0)  For 
the  electrolytic  reduction  of  aromatic  nitro-bodica  con»ult  B.  28,  2340';  20  i  wr  Jr 
al*o  p-amido  phenol.  ^  ' 


CLASSIFICATION  OF  THE  CARBON  COMPOUNDS. 


The  chemical  union  of  the  carbon  atoms  and  the  character  of  the 
groups  resulting  from  this  is  the  basis  of  the  division  of  the  carbon 
derivatives  into  two  principal  classes:  the  fatty  or  aliphatic  sub¬ 
stances  (from  tiXtltpo.fi,  fat) — the  chain  like  or  acyclic  carbon  derivatives 
or  the  methane  derivatives ,  and  the  cyclic  comfxmnds  oj  carbon. 

The  name  of  the  first  class  is  Irorrowed  from  the  fats  and  fatty  acid# 
comprising  it.  These  were  the  first  derivatives  accurately  studied.  It 
would  be  i/etter  to  name  them  marsh  gas  or  methane  derivatives,  inas¬ 
much  as  they  all  can  I>e  obtained  from  methane,  CH«.  They  arc- 
further  classified  into  saturated  and  unsaturated  compounds.  In  the 
first  of  these,  called  also  limit  compounds  or  paraffins,  the  directly 
united  quadrivalent  carbon  atoms  are  linked  to  each  other  by  a  single 
affinity.  The  number  of  n  carbon  atoms  possessing  affinities  capable 
of  further  saturation,  therefore,  equals  211  -f-  2  (sec  p.  38).  I  heir 
general  formula  is  C.X** ,.  Here  X  represents  the  affinities  of  the 
elements  or  group#  directly  combined  with  carbon.  I  he  unsatiir.ii' ' 
compounds  result  from  the  saturated  by  the  exit  of  an  even  niirn  .cr  o 
affinities  in  union  with  carbon.  According  to  the  numl>cr  of  a  ni  a 
yet  capable  of  saturation,  the  series  are  distinguished  as 


The  methane  derivatives  contain  open  carbon  ^hains.  tla;  cyclic 
derivatives  contain  dosed  chains,  or  carbon  rings.  1 '  1  ,  ,cd 
atoms  alone  have  formed  the  ring,  the  resulting  bodies  a 

tar of  that  Shaped  bodic  I.  .he  ring  contain- 

ing  six  carbon  atoms  with  six  free  valences.  ,  -  jhe 

All  the  aromatic  or  benzene  compounds  arc  < ' n  -tjon  in  the 

importance  of  this  group  lias  gained  for  it  a  sjrecia  p 
chemistry  of  carbon  derivatives,  .  a/  such  great 

/Compared  with  the  aliphatic  compound#  "7  '  <'rfnerjy  regarded 
difference#  in  chemical  deportment  that  th'  y  r, laced  opposite 

as  a  second  class  of  organic  bodies,  and  as  such  were  ph>'<  1 1 

br  the  first  das#  or  aliphatb  substanr  es, 

u/r ,  1 «  c .  /  lioinit 
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aromatic  compounds  the  more  pairs  of  hydrogen  atoms  which  ar-  * 
themselves  to  the  benzene  nucleus  in  them,  the  greater  wiii 
resemble,  in  chemical  character,  the  aliphatic  derivatives.  Ever 
closely  allied  to  the  latter  are  those  substances  which  contain  a  fi-  - 
consisting  of  three,  four,  or  five  carbon  atoms —  ” 

the  trimetkyuw  derivatives, 
tetramctkylme  derivatives, 
pcHtamuthyUnc  derivatives. 


These  constitute  the  passage  from  the  aliphatic  bodies  to  the  lnir*. 

arvmMic  compounds,  to  which  the  aromtatic  derivatives  attach  tn-n> 
selves. 

.  There  are  many  carbon  compounds  which  contain  «  rinss.  ”  Ir  he 
formation  of  the  latter  not  only  carbon  atoms,  but  also  oxvcen.  snlpcnr 

and  nitrogen  atoms  have  taken  part. 

Such  bodies  have  been  termed  heUrocyclu  cemfxmnds  {from  1-*^. 
lore.gn).  As  a  rale,  these  derivatives  will  be  discussed  a:  the  coiiaz- 
Tl*  i  ?n  lbe  open  chain  bodies,  from  which  thev 

*Wh  the  6X11  °f  *?ler’  hvdr°gen  sulphide,  or  amraona.  ari  to 
bSi  *?  chan^d-  A  large  class  of  heteroc vdic 

^eciallvAsqjl^,  discovered  bv  Victor  Mever,  thea 

Planl  ^oids-pvridine,  quinoline. 

tie  *•*«.  alb!,  n-j. 

substances  with  01  ,maa.v  heterocyclic  compounds  that  :be 

Jrhkh  tie'  "“>  be  tLmeocaS. 
will  be  pa^noselv  Tbereiore  sach  hietero cvdic  comromkfe 

isoctSHSlatillL  tZS¥  “d  **  the  carta-  ^ 

P°cids  of  carbon  woold'tben'bl'b003  °*  ^  cbemis“'E  of  <**  cc“ 

^ ^ stty  Bodies  •  j  Cai  ,  - 

‘*g*~*fe  *•  **a*"<’  iainthtt, 

II-  Carbocyclic  Compounds. 

HI-  Heterocyclic  Compounds. 

°R  M E T H A N EL'd £ R I H ATIC  SUBSTANCES 

OR  acyclic  chain-like 

carbon  DERIVATIVES. 

Tt*  hydrocarbon.  '  nYDROCARBONS. 

hrdrlaen  °t'”  ar!»n  comllSSf0  “  ’:‘e  forat  suhKar.ces  ft* 
Tbe  ooth  f  135  !'  dinenect  element-3^5*  *he  replicetaez:  of  rre 
^  outlines  of  the  lin w{TaS£  g™0l*-  ' 

*  bon  atoms  were  presented  n 
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<atrae*&«  (P-  WedfabngBBh,  therefore,  (O  **«.«  and 

x  The  tust  only  contain  singly  linked 

Irfrhon  atoms.  while  the  unsaturated  contain  pairs  of  carbon  atoms 
v  T  a  «uT  and  treblv.  As  the  first  series  has  attained  the  limit  of 
^nrici  br  hTdrogen.they  are  frequently  called  the  limit  kyjro- 
or  alter  the  first  member  of  the  senes :  marsh  gas— the  nuikant 
The  limit  hydrocarbons  are  not  very  reactive,  bat 
Ser  lie  Very  stable ;  hence  their  designation  as  par j  jins  (from  parum 

A.  Saturated  or  Limit  Hydrocarbons.  Paraffins,  Alkanes. 
Marsh  Gas  or  Methane  Hydrocarbons, 

Vwwihr/  **J  Istmrrism.—  In  consequence  of  the  equivalence 
,  corned  bv  tacts)  of  the  four  affinities  of  carbon  (see  p.  37)  no 
iVuerides  are  possible  for  the  first  three  members  of  the  sene, 

C*H_+‘:  CH.  CH.-CH.  CH.-CH.-CH. 

P™paW  a  ..  .  . 

F%TTnerivth-re  hydrocarbons  were  designated  the  hydrides  01  univa- 

C*rim-:CJri.  ineywc.c  .  u~nre  the  names  meth\l 

radicals  with  other  elements  or  group,  .  ne  The  obtainable 

hydride  for  methane,  ethyl  hycnde  for  ethane,  hvdroxyi 

aiid  first  known  demaaves  ot  thCp  ^  Q^eThvl  alcohol,  and  their 

derivatives  or  the  alcohols,  c.  d  .  C,HS  »  u  fmann  their  names 
halogen  ethers.  At  the  saggesuon  of  ^  W.  Hottwuj 
werefonrec  brer  by  replacing  the  final  *>1^  >^j0/or  methyl, 
by  the  final  syllable  “ane,  so  that  m  ...  iyic  homologous 

ethane  for  ethvl.  propane  for  prop)  1,  e  > 

series  the  name  alkatus  was  adopted.  _ p  u  . 

Two  structural  cases  exist  for  the  fourth  member,  C.H... 

/CH# 

CHfcH, 

^CH, 

Trimetbvlmethane. 
(Isobotane.) 

In  the  name  trimethvlmethane  for  isobutane,  ' Ethane  by 

butane,  is  indicated  that  this  substance  denvedjrom  ^ 
the  replacement  of  three  hydrogen  atoms  i3omerjdes  are  possible : 
For  the  fifth  member,  pentane,  C5HU. 

/CH, 

CH— -CHS 

^CH,  •  CH,  an(j 

Dimethyl-ethyl  Methane. 


CH, — CH,  —  CH, — CH, 

Normal  Butane. 


and 


CH,  —  CH,  —  CH,  —  CH,  —  CH, 

Normal  Pentane. 


CH,  CH, 

w 

/  \ 

CH,  CH, 


Tetrametbyl  Methane. 


So 
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The  number  of  theoretically  possible  isomerides  now  increases 
rapidly.  Hexane,  C#HU,  has  6  isomerides ;  heptane,  C7H16,  9  isomerides; 
octane,  C8H18,  18  isomerides;  tridecane,  CiaH28,  802  isomerides  (B.  8, 
1056;  B.  13,  792). 

Commencing  with  the  fifth  member,  the  names  are  formed  from 
the  Greek  words  representing  numbers. 


The  “Geneva  Commission  ”  recommends  the  retention  of  the  ending  “  ane,”  as 
first  suggested  by  A.  W.  Hofmann  (J.  1865,  413),  for  the  hydrocarbons  CnH2»+2< 
The  hydrocarbons  with  branched  carbon  chains  are  considered  alkyl  substitution 
products  of  the  normal  hydrocarbons  already  contained  in  their  formulas,  and  the 
carbon  atoms  of  this  normal  hydrocarbon  are  numbered.  The  numbering  is  begun 
with  that  carbon  atom  to  which  the  side-chain  is  adjacent : 


CH3.CH.CH  j.CHj.t^Hj  =  [Methyl- 2-pentane]. 

CH, 

The  carbon  atoms  of  a  longer  substituting  radical  are  also  numbered,  and,  indeed, 
with  two  numbers.  First,  each  atom  is  marked  by  the  number  indicating  the 
place  wrhere  the  side-chain  is  attached  to  the  normal  chain  ;  second,  with  particular 
numbers,  beginning  with  the  carbon  atom  joined  to  the  central  or  main  chain  as 
number  one. 

Furthermore,  should  an  alcohol  radical  attach  itself  to  the  middle  carbon  atom  of 
the  side-chain,  then  the  expressions  for  the  substituting  radical  are _ 

Metho-,  etho-,  etc. ,  instead  of  methyl-,  ethyl-,  etc.  : 

CHS  .  CH2  .  Cfi2  .  CH  .  CH2  .  Cll2  .  CHj  =  [Metho-41-ethyl-4-heptane]. 
(4‘)CH_CHs 
(42)  CH, 


The  variation  in  structure  of  the  carbon  chain,  or  carbon  nucleus,  is 
the  cause  of  isomerism  in  the  paraffins.  This  type  of  isomerism  is 
called  chain- or  nucleus-isomerism  (p.  43). 


Method8  °f  Formation  and  Properties  of  the  Paraffins.- 

The  limit  hydrocarbons  are  formed  in  the  dry  distillation  of  wood,  turf, 
lignite,  bituminous  coal,  and  bog-head  and  cannel  coal,  rich  in  hydro- 
Sf11 '  ^e.nce  are  Present  in  illuminating  gas  and  in  the  light  oils 
r  ^  ar’-  cy  occur  already  formed  in  petroleum,  particularly  that 
all  of wh,ch.consists  almost  exclusively  of  them,  and  contains 
iidWiduThvdm  meKthan?  t0  the  hiShest-  It  is  difficult  to  isolate  the 
general  metbnd°Car  ^om  suc^  mixtures.  Before  advancing  to  the 
which  thTfnhrhviHUSeidKin^the  P"eParation  of  the  paraffins— methods  by 

dition _ it  will  yd"?.carbon^can  be  easily  obtained  in  pure  con- 

and  ethane!^  b  bCSt  t0  dlSCUSS  the  tvvo  important  members,  methane 

organi^substanr’  C¥!b  (Methyl  hydride),  is  produced  in  the  decay  of 

mines  in  whirh  m*  llierefoure  .dlsenSaged  in  swamps  (marsh  gas)  and 
mines,  in  which,  mixed  with  air,  it  forms  fire-damp 
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In  certain  regions,  like  Baku  in  the  Caucasus  and  the  petroleum 
districts  of  America,  it  escapes,  in  great  quantities,  from  the  earth. 
It  is  also  present,  in  appreciable  amount,  in  illuminating  gas. 

The  synthesis  of  methane,  the  simplest  hydrocarbon,  from  which  all 
the  fatty  bodies  may  be  derived,  is  particularly  important.  By  the 
synthesis  of  a  carbon  derivative  is  understood  its  formation  from  the 
elements,  or  from  such  carbon  derivatives  which  can  be  obtained 
from  the  elements.  Under  proper  conditions  hydrogen  and  carbon 
may  be  directly  combined,  with  the  production,  however,  of  acety¬ 
lene  CH  =  CH  (p.  76),  and  not  methane.  The  latter  can  be  obtained 
(1)  from  carbon  disulphide  CS2  (which  may  be  made  directly  from  its 
constituents)  if  the  vapors  of  this  volatile  substance,  mixed  with 
hydrogen  sulphide  gas,  be  passed  over  red-hot  copper  (Berthelot) : 

C  +  2S  =  CS2  ;  CS2  +  2H2S  +  8Cu  =  CH4  +  4Cu2S. 

Or  (2)  the  carbon  disulphide  is  converted  by  chlorine  into  carbon  tetrachloride  CC14, 
and  this  reduced,  by  nascent  hydrogen  (sodium  amalgam  and  water)  : 

CS2  +  3C12  =  CC14  +  S2C12  ;  CC14  +  8H  =  CH4  +  4HCI. 

(3)  Methane  is  also  formed  from  carbon  monoxide  and  hydrogen,  if  the  mixture  of 
gases  be  exposed  in  an  induction  tube  to  the  action  of  electricity  (p.  76,  A.  169,  270) : 

2C  +  02  =  2CO ;  CO -I-  3H2  =  CH4  +  H20. 


(4)  Aluminium  carbide  is  decomposed,  in  the  cold,  by  water,  forming  methane  and 
aluminium  hydroxide  (B.  27,  R.  620)  : 

c3  ai4  +  !2H2o = 2CH4  +  2A12(0H)6. 


Methyl  alcohol,  or  wood-spirit,  CH3.OH,  can  be  converted  into  methane  by  first 
changing  it  to  methyl  iodide,  and  then  (5)  reducing  the  latter  with  nascent  hydrogen 
(from  moist  zinc-copper),  or  with  zinc  dust  in  the  presence  of  alcohol  (B.  9,  181  ), 
or  (6)  by  preparing  zinc  methyl  from  methyl  iodide  and  decomposing  it  with  water . 


CH, .  OH 


CH3I  +  2H  =  CH4  +  HI 

S>z"  +  3^=cH;+z"<8g 


Zinc  Methide. 


In  the  laboratory  methane  is  made  (7)  by  heating  sodium  acetate 
with  soda  lime.  The  active  ingredient  of  the  latter  is  sodium 
hydroxide.  The  addition  of  the  lime  is  for  the  purpose  of  protecting 
the  glass  vessel  from  the  corroding  action  of  the  molten  sodium 
hydroxide  : 

CH,  .  CO,Na  4-  NaOH  =  CH4  +  C03Na2. 

• 

Methane  is  a  colorless,  odorless  gas,  compressible  under  great  pres¬ 
sure  and  at  a  low  temperature ;  its  critical  temperature  is  82  ,  mid 
its  critical  pressure  55  atm.  It  boils  under  760  mm.  pressure  at  160 
and  at  —164°  its  specific  gravity  is  0.415*  Its  density  equals  8 
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(H  =  i)  (or  0.5598,  air  =  1).  It  is  slightly  soluble  in  water,  but 
more  readily  in  alcohol.  It  burns  with  a  faintly  luminous,  yellowish 
flame,  and  forms  explosive  mixtures  with  air,  oxygen,  and  chlorine  • 


CH4  -f-  202  =  C02  -f-  2H20  (steam). 

I  vol.  2  Vols.  I  vol.  2  VOls. 

It  is  decomposed  into  carbon  and  hydrogen  by  the  continued  nas 
sage  of  the  electric  spark.  When  mixed  with  two  volumes  of  chlorine 
it  explodes  in  direct  sunlight,  carbon  separating  (CH4  -f  2CL  =  C  4- 
4HU);  in  diffused  sunlight  chlorine  substitution  products  are  pw- 


CH4 


+  C12 
+  C12 


CH3CI 

ch2ci2+ci2 
chci3  +ci2 


Hr  t  ru3r  -^nochlor-methane  or  methyl  chloride. 

-  Hr  I  >"2 V  2"^Dl<?,  °rmethane  or  methylene  chloride. 

•  Hr  t  rrT  richlormethane  or  chloroform. 

w  +  ttl4- 1 etrachlormethane  or  carbon  tetrachloride. 


hydrocarbons,  acetylene  and  'ethvdl  hydr°gen  J°  the  two  unsaturated 
the  carbon  atoms  isXoken  2*  multiPle  linka«e  of 

methane  that  acetylene  is  nr^ri  jY  ^  ^  keen  mentioned  under 
hydrogen  :  7  ^  18  produced  hV  the  direct  union  of  carbon  and 


2C  +  H2  — 


by  means  of  ^“eth^  alC°ho1  by  °f0> 

methj-l  alcohol:  y  ’  as  methane  was  prepared 

C,H5OH - ___ 


^C2H5I  +  2H  =  CjH5.H  -f  HI. 

A 

Or  (4)  rnercur  C'"^  ^  +  HOH  =  ^  ”  +  Zn  (OH),  (Frankland). 

These  lasMhlee”®  concentrated  sulphuric 

W^rforh0ds  ,e(i  ‘o  the”s“ +.SO<%  (Schorlemmer). 

from  the  union  of  t°  Vln8  reactions  show  |?Uon  tha>  ethane  was  ethyl 
the  hydrocarbon  iW°  methy'  residues  I  .ho'v  ethane  can  b«  formed 
methyl  iodide  or  rrt  ^jmethyl.  (.\  c, .  hence  led  to  the  view  that 
’  or  (6)  zinc  methitk  m™  'Um  ,s  ^owed  to  act  upon 
2CH  i  +  ___  y  be  suhstituted  for  the  metal  : 

^.H-Tc^fc^+aN  , 

3  ^ri3  +  Znlr 
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dioxidTT  COnVCDient  method  (7)  consists  in  heating  acetic  anhydride  with  barium 
2  (CjHs0),0  -f  BaOj  =  CjH6  4-  (CaH,Oa)aBa  +  2CO,. 

From  a  theoretical  point  of  view  (8)  the  electrolysis  of  a  concen¬ 
trated  solution  ot  potassium  acetate  (p.  76)  (the  method  used  by  Kolbe 
(1848)  when  he  discovered  ethane),  is  of  great  importance.  The 
salt  breaks  down  into  potassium,  its  electro-positive  constituent,  ap¬ 
pearing  at  the  negative  pole  and  separating  hydrogen  from  water 
at  that  point,  and  also  the  unstable  radical  CHs.CO, — ,  which 
immediately  decomposes  at  the  electro-positive  pole  into  — CH,  and 
COa.  Two  methyl  groups  then  unite  to  dimethyl,  just  as  two  hydrogen 
atoms  combine  to  form  a  molecule  of  that  element: 


+ 

- - ■ - . 

CH,  ;  COa 

CH,  |  COa 


A. 


K 

HO 

H 

+ 

K 

HO 

H 

+ 


CH, 


■* - v  - - ‘ - X 

H 

4-  2CO,  4-  2KOH  4-  I 

H 


Both  Kolbe  and  Frankland  believed  that  ethyl  hydride  C,H,.H  differed  from 
dimethyl  CH,.CH3.  Such  a  difference  was  not  possible  in  the  light  of  the  valence 
theory.  By  converting  the  hydrocarbon  from  (C,H5)2Hgand  that  obtained  in  the  elec¬ 
trolysis  of  potassium  acetate  into  the  same  ethyl  chloride  Schorlemmer  (1863)  proved 
the  identity  of  ethyl  hydride  CaH,.H  and  dimethyl  CH,.CH,,  thus  confirming  a 
fundamental  requirement  of  the  valence  theory  : 


(C2H5)aHg. 
2CH,.CO  OK 


S04Hs 

electric  current 


>  CaH5.H  _ 
^CH,.CH, 


Cl, 


Cl, 


>C,H5C1. 

^CH,CHaCl. 


Ethane  is  a  colorless  and  odorless  gas.  Its  critical  temperature 
equals  -f-  340  and  its  critical  pressure  is  50.2  atmospheres.  It  boils 
at  — 930  under  760  mm.  pressure.  The  specific  gravity  of  liquid  ethane 
at  o°  is  0.466  (B.  27,  3305).  It  acts  like  methane  toward  solvents. 

Ethane  can  be  converted  into  ethyl  alcohol  through  its  monochlor- 
substitution  product. 

Homologues  of  Methane  and  Ethane. — In  preparing  the 
homologous  paraffins  the  homologues  of  ethyl  alcohol  C0HJn+1,OH 
and  the  saturated  fatty  acids  are  used. 


I.  Formation  from  compounds  containing  a  like  number  of 

carbon  atoms . 

(1)  From  the  unsaturated  hydrocarbons  by  the  addition  ol  hydrogen 
(see  Ethane). 

(2)  By  the  reduction  of  alcohols,  ketones,  and  carboxylic  acids. 

(a)  The  alcohols,  for  example  ethyl  alcohol,  are  first  changed  to 

chlorides,  bromides,  and  iodides,  and  then  reduced  with  nascent 
hydrogen,  from  zinc  and  hydrochloric  acid,  or  from  sodium  amalgam 
and  alcohol.  The  iodides  can  also  be  treated  with  aluminium  chloride 
(B.  27,  2766). 
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Thus  propane  has  been  prepared  from  the  two  propyl  iodides,  C3H.I,  an(j 
trimethyl  methane  from  the  iodide  of  tertiary  butyl  alcohol  by  means  of  zinc  and 
hydrochloric  acid. 

(b)  The  saturated  fatty  acids,  CnHVn  +  j.C02H,  particularly  the  higher  members  of 
the  series,  may  be  converted  into  the  corresponding  paraffins  by  heating  them  with 
concentrated  hydriodic  acid  and  red  phosphorus  to  200-250°  : 

CnHjyCOjH  -f-  6HI  =  CjgHjg  -j-  3^2  “1“  2H20. 

Stearic  Acid.  Octadecane. 

(c)  The  ketones  (see  these) ,  resulting  from  the  distillation  of  the  calcium  salts  of 

fatty  acids,  change  to  paraffins  when  they  are  heated  with  hydriodic  acid.  It  is  more 
practical  to  first  prepare  the  keto-chlorides  (p  102)  by  the  action  of  phosphorus  penta- 
chloride  upon  the  ketones,  and  then  reduce  these.  r 

The  last  two  reactions  especially  were  applied  (B.  15,  1687,  1711  ;  19,  2218)  in 

the  preparation  of  the  normal  hydrocarbons  from  nonane,  CH3(CH2)-CH3,  to  tetra- 
cosane 

1  3)  Or,  the  alcohol  is  changed  by  an  alkyl  iodide  into  a  zinc  or  mer¬ 
cury  alkyl,  and  the  zinc  alkyls  are  then  decomposed  by  water  (see 
i  Iethane  and  Ethane),  and  the  mercury  alkyls  by  acids  (see  Ethane). 

to  120— i8o<\eS  ra<^ca^s  may  ^  beated  with  zinc  and  water,  in  sealed  tubes, 

II.  Formation  from  compounds  rich  in  carbon,  by  the  splitting- of  of 

carbon. 

the  alkyls)  ^d^c^iunf  ac^s  (l^e  carboxyl  derivatives  of 

.illation  ioTr  hydr0Xide  is  sub>'cted  “>  dr>'  di5‘ 

^Tien  •  S°da'lime  15  preferable  to  the  last  reagents. 

the  ketones;  hydrocarbons  however ^ected  this  treatment  the  usual  products  are 
(B.  22,  2133).  ’  ’  Produced  when  sodium  methylate  is  used 

The  dibasic  acids  are  similarly  decomposed  : 


C«H12 


\ 


COj.Na 


COrNa^  2NaOH  C6Hh  +  2COJNa1. 


*  union  of  alkyls,  previ- ' 
(5)  Method  of  Wiittz  I,  f’  m*h  ^  an°,h'r- 
edier^l  U?°°  l^e  bromides  or^odid80^*  c”1  ,(or  rec*uced  silver  or 

e-l  solut.cn  (see  Ethane).  ‘n 

c$h&h  ,  ^  c<k&  S:;y  r  »•>—  »—* 

ThU  reaction  proceed  •  *  butyl  or  normal  octane, 

molecular  weightsP  ^tt!^  especially  easv  with  „ 

obtained  hexacontane,  C^H  ^  and  **ageIe,  by  fu^t  IQdides  having  high 

cham  (B.  22,  502).  B^u^n’  *  Con3P°und  having  bY-V^T^i1  Iodide  with  sodium, 
vdrocarbons  result  from  the  un*  mixture  of  the^odid^  thf  lon2est  normal  carbon 

hC  Un,°nof  Cerent  Oca'll65  Primary  alcohols 

s-  The  iodides  of  optically 
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It  is  evident  from  this  presentation  that  among  isomeride*  o 
with  normal  structure  (p.  42)  have  the  highest  boiling  points  a 
general  rule  would  be  that  with  the  accumulation  of  methyl  oroi,^  • 
the  molecule  the  boiling  points  of  isomeric  bodies  are  lowered  Ti"1 
same  regularity  will  be  again  encountered  in  other  homologous' series' 
lhe  subjoined  table  contains  the  melting  points,  boiling  points  Ta 
the  specific  gravities  ot  the  known  normal  paraffins:  b  1  ' ’  “ 

Melting  Point. 


Heptane,  .  . 
Octane,  .  . 
Nonane,  .  . 
Decane,  .  . 
Undecane,  . 
Dodecane,  . 
Tridecane,  . 
Tetradecane, 
Pentadecane, 
Hexadecane, 
Heptadecane, 
Octadecane,  . 
Nonadecane,  . 
Eicosane,  .  . 
Heneicosane,  . 
Docosane,  .  . 
Tricosane,  .  . 
Tetracosane,  .  . 
Heptacosane,.  . 
Hentriacontane, 
Dotriacontane,  . 
Pentatriacontane 
Dimyricyl,  .  .  . 


'  c’n" 

:  C& 

•  C,„HB 

•  C..H„ 

•  ^12^26 

•  ^13^28 

•  c14h30 

•  ^15^32 

•  ^16^34 

1  _18US8 

•  ^19^40 

.  C21H44 
■  S2h4# 

•  _23n48 

c'h50 
c  7h“ 

'“81rI64 

CS2H6fi 
^60^122 


—  5i° 

—  32° 

—  26.5° 

—  12° 
—  6.2° 
+  5-5° 

+  io° 

+  1 8° 

+  22.5° 
-f  28° 

+  32° 

+  36.7° 
+  40.4° 
+  444° 
+  47-7° 
+  5i-i° 
+  59-5° 
+  68.10 
-j-  70.  o° 

+  74-7° 

+  102° 


V 

U 

3 

w 

V) 

v 


B 

B 

1 

u 

<u 

G 

D 

6 

u 

a 

U) 

tn 

O 

u 

Q, 

B 

B 

10 

»-» 

u 

v 

T3 

C 

D 


B.  P. 
98.4° 
125.5° 

H9-50 
173° 
194-5° 
214° 
234° 
252.5° 
270.5° 

287-5° 

303° 
317° 
330° 
205° 

215° 

224.5° 
234° 

243° 

270° 
302° 
310° 
l  331° 


Sp.  Gr. 

0.7006(0°) 

0.7188(0°) 

°-733°(o°) 

0.7456(0°) 

°-7745~ 

0  773 
0-775 
0-775 
0--775 
0-775 
0.776 
0.776 
0-777 
0-777 
0.778 
0.778 
0.778 
0.778 
0.779 
0.780 
0.781 
0.781 


at  their 
m.  p. 


members  are  readily^oluWe^n  akol1Ulllle  JT  V  ater>  The  lower  and  intermediate 

solvents  falls  with  increasing  “t  'th“-  The  solubility  in  these  last  twc 

is  scarcely  soluble  fn  'hem  ”  Welght'  ““Triq-l,  CMHm,  melting  at  .02°, 

molecular  weights,  hut  arCalways'less  fg ,ld  hydrocarbons  increase  with  tbeii 
the  case  of  the  higher  members  Pi*  c  -l130  lat  ,°f  water.  It  is  remarkable  that  in 
the  same.  They  rise  from  o  772  C.  6iav>ties  at  the  point  of  fusion  are  almost 

acid,  being  in  th^  wa^readil^H^  ^r°™'ne  'n  t,le  co'd  or  sulphuric 
unsaturated  hydrocarbons  Ti^  dlstinSuished  and  separated  from  the 
stable,  hence,  their  desiVmrirr  are  not  very  reactive  and  are  very 
even  chromic  acid  are  withmr  as Paraffins .  Fuming  nitric  acid  and 
"hen  heated,  however  Th  v  “' ““ n'  ';ffect  uP°n  ‘hem  in  the  cold; 
and  water.  Recently’  n-hLfn  /  burn  directly  to  carbon  dioxide 
heating  them  with  dilute  nitric 6  n'octane  have  been  nitrated  by 

or  bromine  they  yield  suh^it„.  aCld'  ,  en  acted  upon  by  chlorine 
By  means  of  (he  *£ the » , 
served  under  methane  and  etlL.  -1S  can  easdy  be  converted,  as  ob- 

hane>  lnto  other  derivatives. 


HYDROCARBONS. 
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Technical  Preparation  of  the  Limit  Hydrocarbons. — The 

hydrocarbons,  technically  accessible,  are  applied  in  remarkably  large 
quantities  for  illumination  and  heating  purposes.  They  are  also  used 
as  solvents  for  fats,  oils,  and  resins,  and  as  lubricants  for  machinery ; 
finally,  as  salves. 

The  great  abundance  of  petroleum ,  rock-oil  (naphtha),  is  of  the  ut¬ 
most  importance  to  chemical  industry.  It  is  especially  abundant  in 
Pennsylvania  and  Canada,  although  it  is  also  found  in  the  Crimea 
along  the  Black  Sea,  and  at  Baku  on  the  shore  of  the  Caspian,  as  well 
as  in  Hungary,  Galicia,  Roumania,  and  the  Argentine  Republic.  Its 
occurrence  in  Germany,  in  Hannover,  and  in  Alsace  is  limited.  Since 
the  year  1859  efforts  have  been  put  forth  to  work  oil  wells,  which  have 
been  known  for  many  years,  and  also  to  make  new  borings.  (See 
Hofer:  Das  Erdol  and  seine  Verwandten,  1888.) 

The  following  data  give  some  idea  of  the  vast  quantities  in  which  this  product 
is  handled  :  In  1889  the  yield  of  crude  oil  in  America  was  about  35,000,000  barrels ; 
in  Russia,  about  21,000,000  barrels  ;  in  other  countries,  1,700,000  barrels,  of  which 
Alsace  furnished  45,000  barrels  and  Hannover  6000  barrels.  The  barrel  contains 
159  liters.  The  consumption  in  Germany  represented  about  4,000,000  barrels  (see 
F.  Fischer,  Hdb.  d.  ch.  Technologie,  1893,  S.  128). 


In  a  crude  state  it  is  a  thick,  oily  liquid,  of  brownish  color, 
with  greenish  luster.  Its  more  volatile  constituents  are  lost  upon 
exposure  to  the  air ;  it  then  thickens  and  eventually  passes  into 
asphaltum .  The  greatest  differences  prevail  in  the  various  kinds  of 
petroleum.  It  is  very  probable  that  petroleum  has  been  produced  by 
the  distillation  of  the  fatty  constituents  of  fossil  animals.  1  his  took 
place  under  great  pressure  and  by  the  heat  of  the  earth.  The  distilla¬ 
tion  of  fish  blubber  under  pressure  has  yielded  products  very  similar  to 
the  American  petroleum  (Engler,  B.  21,  1816;  26,  1449  >  Ochsenius, 

B.  24,  R.  594).  .  . 

At  the  conclusion  of  his  investigations  on  metallic  carbides  Moissan 
shows  that  on  decomposing  the  metallic  carbides  in  the  interior  ot  the 
earth  with  water  hydrocarbons  might  arise,  and  these  could  cause  the 

gas  and  petroleum  wells  (B.  29,  R.  614). 

American  petroleum  consists  almost  exclusively  of  normal  paiathns, 
yet  minute  quantities  of  some  of  the  benzene  hydrocarbons  (cumene 
and  mesitylene)  appear  to  be  present.  In  a  crude  form  it  has  a  specific 
gravity  of  0.8-0.92,  and  distils  over  from  30-360°  and  beyond  this. 
Various  products,  of  technical  value,  have  been  obtained  from  it  >y 
fractional  distillation:  Petroleum  ether,  specific  gravity  0.665—0.  7, 
distilling  about  50-60°,  consists  of  pentane  and  hexane ;  petroleum 
benzine ,  not  to  be  confounded  with  the  benzene  of  coal  tar,  ias  a 
specific  gravity  of  0.6S-0.72,  distils  at  70-90°,  and  is  composed  ot 
hexane  and  heptane  ;  ligrotne,  boiling  from  90°- 1 20°,  consists  princi¬ 
pally  of  heptane  and  octane ;  refined  petroleum,  called  also  kerosene, 
boils  from  1 50-300°  and  has  a  specific  gravity  of  0.7S-0.S2.  (For  the 
apparatus  of  Engler  and  Abel  intended  to  determine  the  flashing  poin 
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of  petrolrnn  *eEls:«:  Die  ta*  <5«  C?=  £en  [l  ^  *  »»’  - : 
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obtained  ircm  tun,  liguic,  ani  ZLtuninirs  ^  7*z.~~~  ’¥~iu 
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Ethylene,  CH2  =  CH2  \Ethene\  E/ay/;  called  oil-forming  m 
because,  by  the  action  of  chlorine,  it  yields  an  oily  compound,  ethylene 
chloride  (see  this).  This  property  has  given  the  name  to  this  homol 
ogous  series.  Ethylene  is  formed  in  the  dry  distillation  of  manv 
organic  bodies,  and  is,  therefore,  present  in  illuminating  gas  (4  to  5 

Methods  of  Formation.— (1)  By  heating  methylene  iodide  CH  I 
with  metallic  copper  to  ioo°  in  a  sealed  tube  (Butlerow)  :  ’  *" 

CH 

2CH2I2  -f-  4C11  =  J  +  201,1,. 

CH2 

srS2)  action  of  metallic  sodium  upon  ethylidene  chloride 

bromide)-  ^  Cthy  ^  chloride’  35  weiI  as  from  zinc  and  ethylene 


CH,CI  CH,  CH2Br  CH2 

in  °r  J.HO+2Na=U  +2NaCl;  I  +  Zn=||  +  ZnBr,. 

CH3  CH2CI  CH,  CH2Br  &H2 

action  of  zinc  and  ammonia  upon  copper  acetylide: 


CH  CH, 

III  +2H  =  ||  . 

CH  CH, 


(4)  When  alcoholic  potash  acts  upon  ethyl  bromide : 

CH 

+  KOH  =  |J.  ’+KBr+H,0. 

CH. 


CH2Br 

I 

CH, 


- 2 

aCid,($ee  Wow>-  This  iS  ** 
lene  (A.  192,  244)  •  e  a^oratory  for  the  preparation  of  ethy- 


SOi<nHCiH;i  =  S04H2  -f  C,H4. 


-  ,  *  , 

ethane)  (Kekule)^  concentrated  solution  of  potassium  succinate  (see 

+  _ 


+ 


CHj  '  5 

h  =  <!h  +  2CO*  +  2KOH  +  i  • 

Ethylene  *  m  •  H 

dissolves  but  small  quantise  a  Pe9u^ar»  sweetish  odor.  Water 
about  2  volumes.  It  is  i;nil  fi°  , l1,  while  alcohol  and  ether  absorb 
P  eJes*  Its  critical  temDeratf  C-  at  °°’  and  a  pressure  of  42  atmos- 
feeds  60  atmospheres  ls  I3°>  while  its  critical  pressure  ex- 

bods  at  -  I05o^  and  .s  *  at  -  ,69°,  and  at  ordinFarv  pressure 

for  the  production  of  very  low  tern 
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HwiiHfn  It  boros  with  a  bright,  IrtmiMflos  fame,  decomposing  into 
imlhw  arid  acetylene  (B.  27,  R-  459>  1°  chlorine  gas  the  fame  is 

very  smoky;  a  mixture  of  ethyrene  and  chlorine  barns  away  slowly 
when  ignited-  It  forms  a  very  explosive  mixture  with  oxygen  (3 

voliwr). 

fi  Aided  by  platinmn  black  it  will  combine  with  hydrogen  at 
ordinary  temperatures.  yielding  QH*  (B.  7,  354)- 

2  It  is  absorbed  by  concentrated  hydrobromic  and  hydnodic 
ac.ds  ai  ioq®,  with  the  production  of  C-HjBr  and  QH*! : 


CH.  CH, 

l  +  **=1 

CH,  CH, 


CH,  CHJ 

I  +HI  = 

CH,  CH, 


(3’.  It  combines  with  sulphuric  acid  at  160—174'.  forming  ethyl  sul- 
jh-rir  add ;  and  with  sulphuric  anhydride  it  yields  carbyl  sulphate : 


CH.  OH  O-Cft 

1  -f-SO,<  =SO,< 

CH. 


OH 


OH 


CH,  CH^O-SQ. 

{  +230,=  .  >0. 

CH.  CH, — SO. 


.'4)  It  unites  readily  with  chlorine  and  bromine,  as  well  as  with 
alcoholic  iodine,  and  the  two  modifications  of  iodine  chloride : 


CH,  CH,Br  CH, 

+  =  Sh," 


ai  = 


cH,a 

£n,i 


f5)  It  forms  the  monochloihydrm  of  glycol  by  its  union  with  hypo- 
chloroas  acid. 

(6)  Ethylene  glycol  itself,  however,  is  produced  by  carefully  oxi¬ 
dizing  ethvlene  with  dilate  potassium  permanganate,  which  acts  as  1 
hvdrogen  peroxide  added  itself  to  the  ethylene : 


CH,  CH,a 

II  *  +  ClOH  =  I  ; 
CH,  CH,OH 


CH, 

£h. 


OH  CH.OH 
OH  CH/5H* 


Ethylene  Homologues.— Higher  olefines  are  found  m  the  tar 
from  bituminous  shales  (B.  28,  496)-  J«st  as  ethyl  alcohol  is  the 
most  suitable  substance  for  the  preparation  of  ethylene,  so  are  its 
homologues  the  best  starting-oat  material  for  the  production  of  the 

homologues  of  ethvlene.  .  ...  ,  , 

Methods  of  Formation. — (1)  The  halogen  derivatives,  readily  formed 
from  the  alcohols,  are  digested  with  alcoholic  sodium  or  potassium 
hydroxide. 

Ia  tab  reaction  the  haloid  fespeoaHy  the  iodides)  derivatives  corresponding  to  the 
secoudarr  and  ternary  alcohols  .reak  np  very  readily. 

from  isonrocvl  iodide.  e-hUylau  from  the  iodide  of  normal  botyl  alcohol.  3-buty.fn- 
frmn  So bard  iodide,  and  from  the  iodide  ot  tf^iaiy  bo^dal^of 

Manv  others  hare  been  prepared  in  the  same  wav.  Hea’.ing  with  ead  °****?””? 
the  res=h  (B.  n.  414).  Ternary  iodides  yie^d  oletmes  when  “ 

anrak 
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(2)  Distil  the  monohydric  alcohols,  CnH2D;flOH,  with  dehydrating 
agents,  e.g.,  sulphuric  acid,  chloride  of  zinc,  and  phosphorus  or 
boron  trioxide.  These  remove  one  molecule  of  water.  Isomeric  and 
polymeric  forms  are  produced  along  with  the  normal  olefines. 


The  secondary  and  tertiary  alcohols  decompose  with  special  readiness.  The 
higher  alcohols,  not  volatile  without  decomposition,  suffer  the  above  change  when 
heat  is  applied  to  them ;  thus  cetene,  C16H32,  is  formed  on  distilling  cetyl  alcohol 

When  sulphuric  acid  acts  upon  the  alcohols,  acid  esters  of  sulphuric  acid  (the  so- 
called  acid  ethereal  salts — see  these)  appear  as  intermediate  products.  When  heated 
these  break  down  into  sulphuric  acid  and  C„  H2n  hydrocarbons  (compare  ethylene). 

The  higher  olefines  may  be  obtained  from  the  corresponding  alcohols  by  distilling 
the  esters  they  form,  with  the  fatty  acids.  The  products  are  an  olefine  aad  an  acid 
(B.  16,  3018) : 


C12H25 

Dodecyl  Ether  of 
Palmitic  Acid. 


=  c1#h3Jo.oh  +  c12h24. 

Palmitic  Acid.  Dodecylene. 


(3)  By  the  action  of  metals  upon  the  halogen  addition  products 
of  the  olefines  (see  ethylene). 

(4)  Electrolyze  the  potassium  salts  of  saturated  dicarboxylic  acids 
(see  ethylene). 

(5)  When  zinc  alkylens  act  upon  brom-olefines,  e.g.,  CH2  =  CHBr, 
which  with  zinc  yields  a-butylene  or  ethyl  ethylene. 

(6)  Olefines  have  also  been  obtained  by  the  reaction  of  Wiirtz 

(p.  84). 

(7)  The  formation  of  higher  alkylens  in  the  action  of  lower  mem¬ 
bers  with  tertiary  alcohols  or  alkyl-iodides  is  noteworthy.  Thus,  from 
tertiary  butyl  alcohol  and  isobutylene,  with  the  assistance  of  zinc  chlo- 
ride  or  sulphuric  acid,  we  get  isodibutylene  (A.  189,  65  ;  B.  27,  R. 


(Chj)8C.OH  +  CH2 :  C(CH3)2  =  (CH3)3C.CH  :  C(CH3)2  -f  H20. 

Isodibutylene. 

a^10.n  of  th®  Z.nC12  Is  d“e  to  the  formation  of  addition  products,  e.  g.,  tri- 
CH  Sr  aw  fmC  chlonde  unite  to  the  crystalline  compound  (CH3^C  = 
v  1  •  j  3’  j  2‘  ,  a  er  ^onverts  this  into  dimethyl-ethyl  carbinol,  while  hydrogen 

chloride  produces  ihe  chloride  of  the  latter.  This  chloride  and  trimethyl  ethyline 

and* yields  dlmy?ene?B  distilla,io''  sPlits  °«  Mrochloric  acid 

rrithmTthylw'de  and'leS  oxide  f’  “  prod,,ced  °n  heating  /Msoamylene  (seep.  94) 

(CH3)2C:  CH.CHs-f-  CH3I  =(CH3)2C :  C(CH3)2 -f  HI. 

producecT  alono ma,n^  cornplicated  carbon  compounds  the  olefines  are 
and  in  tar  oils  ^  normal  paraffins,  hence  their  presence  in  illuminating  gas 


Properties  and  Rearrangements  of  the  Olefines.—, So  far  as  physical 
properties  are  concerned,  the  olefines  resemble  the  normal  hydrocar- 

™fmbe*s  are  gases,  the  intermediate  ethereal  liquids, 
while  the  higher  (from  C16H32  up)  are  solids.  Generally  their  boiling 
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The  polymendes  act  like  unsaturated  compounds,  and  contain  a  nair  nf  a  , 
carbon  atoms.  a  pair  of  doubly  ljnked 

,  ...The.  "ature  of  the  binding  of  the  carbon  atoms  in  polymerization  is  in  „ 
bihty,  influenced  by  the  different  structure  of  the  alkylens.  The  mannl  &r  Proba' 

formlsf"'"6  °f  ^  iS°dibUtylene  l’rod““d  ft°"‘  ‘butylene 

(CH»)jC:  CK  +  CH, :  C(CH3),  =  (CH3)3C.CH  :  CfCHs),. 

2  Mols.  Isobutylene.  Isodibutylene. 

Tertiary  butyl  alcohol  very  probably  figures  as  an  intermediate  nmrhw  a 

ethvlenf-  b°iling  P°ints  of  some  of  the  homologues  of 

tily  product  of  e°hylCe°ne':ement  l°  deS1'gnate  these  -  substitu- 

j^T. :: : : : :  :^sSch, 

Sym.  Dimethyl-ethylene,  .  - 8  -  2 

Unsym.  Dimethyl-ethylene, 

Nor.  Propyl-ethylene,  . 
a-Amylene 

Isopropyl -ethylene,  .... 
a-Isoamylene 

Sym.  Methyl-ethyl-ethylene, 

/3-Amylene 

Unsym.  Methyl-ethyl-ethylene,  .  CH  CH 
y-Amylene  S‘CH2  >C  =  CH 


ch3.ch  =  ch.ch, 

(CH3)2C  =  CH2 
CHsCH2CH2CH  =  CH2 

(CH3)2CH.CH  =  CH2 

CH3.CH2.CH  =  CH.CH„ 


—  40°  gaseous. 

-  5° 


y-Amylene 
Trimethyl-ethylene, 
/3-Isoamylene 
T  etramethyl-ethylene, 


ch3 

•  (cH3)2C  =  CH.CH3 

•  (CH3),C  =  C(CH3), 


+ 

—  6° 

+  39° 

-f  21° 

+  36° 

+  3i° 

+  36° 

+  73°  (P-  27, 454)- 


or  /J-isoamylene  dental  nos  ^  °  blS.Ser!!s  are  known.  Of  these,  trimethyl-ethylene 
narcosis,  and  in*  the  nren  Sf-SSes  a  SIgmficance,  as  it  is  used  to  produce  temporary 
alcohol.  /3-Isoamvlene  v1C  so-called  amylene  hydrate  or  tertiary  amyl 

resulting  from  the  action  tb ®  chief  ingredient  of  the  mixture  of  olefines 

igo,  332).  Z1I1C  c  l  oride  upon  the  amyl  alcohol  of  fermentation  (A. 

HYDROCARBONS,  CnH2n — 2. 

TheU^/v/^^r°Caiii)^nS  kavin£  this  empiric  formula  exist: 

The  a  tt,T  °frualkines  with  triple  linking,  and 
mu  i,  ,  allylenes  71th  two  double  linkages. 

is  clearlvyshownarf  a.f°  called  Olefines.  The  difference  in  structure 

thOT  different  chemical  deportment.  It  is  the 

ing  into  combinaf^°U^  •  alone  which  have  the  power  of  enter- 

"placed  by  me^°nTheWnh,Ch  the,hydrogen  of  the  group  -  CH  - 
Geneva  Comrrp«  T  16  names  adopted  for  the  acetylenes  by  the 
the  ending  i;/0f  nl^b  Vrm^d  hy  substituting  the  ending  “ine”  1(11 

designation^//^  10  radlcals  with  like  carbon  content,  hence  the 
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(5)  Acetylene  is  further  produced  by  the  electro!  vsk  r  f  ^  „ 

^meric  dicarbo^,ic  «**-*»&  Md 


CH;COa'K  HO 
;C02  K  +  HO 


y 


H  CII  jj 

H  =  !I!h  +  2CO,  +  2KOH+ 


J.y!ejLdkiJ^U°I  are"re^lyCvSS  and 

l»n  dioxide  and  acetylene, 

dicarboxylic  acids  is  very  much  influenrpH  Kv  ti  ^  9  3^)-  sta^diry  of  the 

atoms,  Jwhich  the  carbSyTponpstTat^'  °f  °f  *»'  «*» 

c»O.Ag,  =  C,  Ag,  +  2CO,. 

alcohol^  ether*  marsh  ^“meth^ene  "tST’  Tre^"  T^'  “* 
Us^^TsSCTdUCted  ‘h-gh"ubl‘Chea?edSi  °  ’££ 

a  peS  odor.  am°Unt  ”  il,Uminating  g»,  to  which  it  imparts 

may  ^Uquefiedar+f0' and*  'S,f  gas  of  ethereal>  agreeable  odor,  and 

solidifies  when  rapidly  vaporized" iffT"  °f  ,4*  *»““*“»  ,l 
slightly  soluble  in  wotZ .  pjnzed  and  then  melts  at  — 8i°.  It  is 

with  a  very  smokv  flame  m°!f  reaf  dy  i*1  alcohol  and  ether.  It  burns 
oxvgen  (254  vols  1  fr  rrn  an  ^ ]t^.  air  (9  vols.),  but  especially  with 
Cw/l-NiinfZd  exceedin«'y  explosive  mixtufe.  ' 

C,H6.  Ordinary  h y^ogen°  f  2°  v C,0I\vert!\  acetylene  into  QH,  and 
over  platinum  black  form  r  H  gr  a”d  acetyIene  0  vol.)  passed 
with  ClH  and  HI,  forming  CHCHC1, 

compoiLd  withTbCl^Ut Tea?  chants Th ^  Ch!°rine  g*5-  It  forms  a  crystalline 

SbCl,.  With  bromine  it  forms  C  H  Br  a^Sr°tf  uhl°r'ethylene’  CHC1  ;  CliCl  a°d 
In  contact  with  HgBr  and  nthl'  2  °d  (A.  221,  1381. 

Tp  d  ^4^hy<U>  which  is  also  produced ^hCUry  £altf  aCrty,ene  unites  with  water  to 
(B.  28,  R.  i74).  produced  when  acetylene  is  heated  with  water  to  32 5* 

In  contact  with  caustic  ootash  •  •  , 

potash  and  a,r  ,t  changes  in  diffused  sunlight  to  eudk  acid. 

Acetylene  polymerizes  at  o  a  1 

molecule  of  benzene  C*H  Thi  -eat*  ^bree  molecules  unite  to  one 
tions  from  the  aliphatic  to  the  o!-S  1S  -°ne  °f  most  striking  transi- 
a  synthesis  of  the  parent  hvdrrJ113/10  861165  and  is,  at  the  same  time, 
thelot).  y  carbon  of  aromatic  substances  (Ber- 

This  conversion  will  fair  i 

over  pyrophoric  iron,  nickel!  coUh^i^11^  ,emperature  if  acetylene  be  passed 

’  p,at,num  sponge  (B.  29,  R.  $AO) . 

arenlid0  ^  ^  rep^ce<^by  mettlT  h>dr°gen  atoms  of 

acetyl  ides  are  stable  even  in  the  h  a,ka,i  and  alkaline  earth 

°  the  heat>  but  are  decomposed  by  water 
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with  the  liberation  of  acetylene.  Copper  and  silver  acetylides  when 
dry  are  exceedingly  explosive.  They  are  stable  in  the  presence  of 
water.  Acids  evolve  pure  acetylene  from  them. 


Sodium  acetylides,  CH  =  CNa  and  CNa  EE  CNa. — These  are  produced  when 
sodium  is  heated  in  acetylene  gas.  Calcium  acetylide  or  calcium  carbide ,  C2Ca,  is 
formed  when  calcium  oxide  is  reduced  by  carbon  at  a  red  heat  (Wohler,  1862),  and 
when  a  mixture  of  calcium  oxide  and  sugar  carbon  is  heated  in  electric  furnaces  to 
3500°  (Moissan,  B.  27,  R.  238).  It  is  a  homogeneous,  black  fusion  with  a  crystal¬ 
line  fracture.  Drop  fragments  of  calcium  carbide  into  a  tall  glass  cylinder  filled  with 
saturated  chlorine  water,  when  the  liberated  acetylene  will  combine  with  the  chlorine 
with  the  production  of  flame.  Gas-bubbles,  giving  out  light,  rise  in  the  liquid  and 
when  they  reach  the  surface  burn  there  with  a  smoky  flame.  Lithium  carbide, 
C2Li2  (B.  29,  R.  210). 

Silver  acetylide,  C2Ag2,  a  white  precipitate,  and  copper  acetylide,  C2Cu2  (B. 
25,  io97  ;  26,  R.  608;  27,  R.  466),  a  red  precipitate,  are  formed  on  conducting 
acetylene  into  ammoniacal  silver  or  cuprous  solutions.  The  dry  salts  explode 
violently  when  they  are  heated.  The  silver  salt  even  does  this  when  gently  rubbed 
with  a  glass  rod.  In  a  solution  of  silver  nitrate  acetylene  precipitates  the  compound 
HC  EE  CAg.NOjAg  (B.  28,  2108).  Pure  acetylene  is  set  free  by  acids  from  these 
metallic  compounds.  The  copper  salt  serves  for  the  detection  of  acetylene  in  a  mix¬ 
ture  of  gases.  Mercury  acetylide,  C2Hg,  is  thrown  out  as  a  white  precipitate 
from  alkaline  solutions  of  mercuric  oxide.  It  explodes  violently  when  heated 
rapidly.  Acetylene  mercuric  chloride,  C2(HgCl)2,  is  precipitated  on  passing 
acetylene  through  solutions  of  corrosive  sublimate.  It  is  not  explosive  (B.  27,  R. 
83,  466). 


Acetylene  Homologues. — The  diolefines  are  isomeric  with  the 
homologues  of  acetylene.  They  contain  a  like  number  of  carbon 
atoms,  e.g.,  allene,  —  CH2  C  =  CH2,  is  isomeric  with  methyl 
acetylene,  —  CH3 .  C  =  CH,  allylene,  and  divinyl,  CH2  :  CH  .  CH : 
CH2,  with  dimethyl  acetylene,  CH3 .  C  •  C  .  CH3,  crotonylene. 

Its  higher  homologues,  just  like  acetylene,  are  mostly  prepared  from 
the  mono-halogen  and  dihalogen  substitution  products  of  the  olefines, 
the  olefine  dibromides ,  by  the  action  ot  alcoholic  potash,  e.  g-,  from 
CH3CC1=CH2:  allylene;  from  CH3 .  CHBr .  CHBr .  CH3 :  crotonylene , 
CH3C  =  C  .  CH3.  In  this  manner  a  host  of  higher  acetylene  homo¬ 
logues  have  been  prepared  from  the  dibromides  of  the  higher  olefines 
(B.  25,  2243). 


When  heated  to  a  high  temperature  with  alcoholic  potash  the  acetylene  formed 
frequently  sustains  a  transpositio?i ;  thus,  ethyl  acetylene,  C2H5.C  =  C  s 

dimethyl  acetylene,  CH3.C  =  C.CH3,  and  propyl  acetylene,  C3H7.C  — 
furnishes  ethyl  methyl  acetylene,  C2II5  .  C  =  C .  CH3,  etc.  (B.  20,  R.  7*1)-  J 
metrically  constituted  bodies  are  formed  from  unsymmetrical  compounds. 

The  reverse  transposition  sometimes  occurs  on  heating  with  meta  ic  so  ium. 
ethyl  methyl  acetylene  passes  into  propyl  acetylene,  and  dimethyl  allene,  t  3)2 
=  C  =  CH2,  yields  isopropyl  acetylene,  etc.  (B.  21,  R.  *77)  •  .  nlM- 

Acetylenes  also  arise  in  the  electrolysis  of  unsaturated  dibasic  acids.  iu 
ene  is  formed  in  the  electrolysis  of  the  alkali  salts  of  mesaconic  and  citraconic  aci 


Acetylene  and  its  homologues  unite  with  hydrogen  to  form  o  c  in<js> 
which  in  turn  pass  into  paraffins.  By  adding  the  haloid  act  s  or 
halogens  the  mono-  and  di-haloid  olefines  are  formed.  1  10  ur 
9 
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addition  of  haloid  acids  and  halogens  to  these  yields  di-,  tri-,  and 
tetra-halogen  substitution  products  of  the  paraffins. 


Hypochlorous  acid  converts  the  alkines  into  dichlor-acetones,  e.  g.,  n-dichlor- 
propyl  methyl  ketone — CII3CH2CCl2.CO.CH3  (11.  28,  R.  781) — and  water  are  obtained 
from  methyl  ethyl  acetylene  and  the  acid:  C2II5C  —  C  .  CH3  -(-  2CIOH.  Ketones 
are  formed  when  the  alkyl  acetylenes  are  heated  with  water  to  3250  (B.  27,  R.  750 ; 
28,  R.  173). 

A  characteristic  of  all  mono-alkyl-acetylenes,  as  well  as  of  acetylene 
itself,  is  their  power  to  yield  solid  crystalline  compounds  by  the  action 
of  ammoniacal  solutions  of  silver  and  cuprous  salts.  Hydrothloric 
acid  will  again  liberate  the  acetylenes  from  these  salts.  The  behavior 
affords  a  very  convenient  method  for  separating  the  acetylenes  from 
other  gases,  as  well  as  for  obtaining  them  in  a  pure  condition. 

The  acetylenes  are  absorbed  by  concentrated  sulphuric  acid ;  some 
even  polymerize  to  aromatic  derivatives. 


In  the  presence  of  HgBr2  and  other  salts  of  mercury,  the  acetylenes  can  unite 
with  water.  In  this  way  we  get  from  acetylene,  aldehyde,  C2H40,  from  allylene, 
C3H4,  acetone,  C3H60,  from  valerylene,  C5II8,  a  ketone,  C5II10O  (B.  14,  1540,  and 
17,  28).  Very  often  moderately  dilute  sulphuric  acid  will  act  in  the  same  way  (see 
Allylene). 

The  boiling  points  of  some  of  the  acetylenes  are  as  follows : 

B.  P. 


Allylene,  Methyl-acetylene  [Propine] 
Crotonylene,  Dimethyl  Acetylene  [2-Butine] 
Ethyl  Acetylene  [3-Butine] 

Methyl  Ethyl  Acetylene  [3-Pentine] 

Norm.  Propyl  Acetylene  [4-Pentine] 
Isopropyl  Acetylene  [3-Methyl-i-Butine] 


CH.C  =  CH  Gas 

CH3C  =  CCH3  27-28° 

C2H5C  =  CH  i8° 

c2h5c=cch,  55-56° 

n-C3H7C  =  CH  48-49° 

(CH3)2CH.C  =  CH  28-29° 


Allylene  and  crotonylene  deserve  consideration,  because  when  brought  in  contac 
with  concentrated  sulphuric  acid  they  pass  into  symmetric  trimeihyl  benzene  an 
hexamethyl  benzene. 


3CH3C  =  CH 
3CH3C  =  CCHS 


>  C6H3[  1 ,3,5](CH3)3-Mesitylene. 

>  C„(CH3)6—  Hexamethyl  Benzene. 


3.  DIOLEFINES,  CnH2n_2. 


The  diolefines  are  not  capable  of  forming  silver  and  copper  co^ 
pounds.  They  do  give  precipitates  with  mercuric  sulphate  an  c 
ride  in  aqueous  solution  (B.  21,  R.  185,  717;  24,  1692).  a 

The  “  Geneva  names”  for  the  diolefines  are  derived  by  inser !,  ^\t 
“di,”  for  the  number  of  double  linkages,  before  the  nna  s\ 
“ene” — e.  g.,  [propadiene]  for  symmetric  allylene. 


The  hydrocarbons  of  this  class  are  numerous, 
because  of  their  genetic  relations.  They  are  : 


Some  of  them  are  worth)  of  n 
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1. 

2. 

3- 

4- 

5- 


Allene,  sym.  allylene  [Propadiene]  CH,=C=CH, 
Divinyl,  Erythrene  [i,  3- Butadiene]  CH2t=CH — CH=CH2 
Pyrrolylene 

Piperylene  (_l,  4-rentadi^ne] 

Isoprene 

Diallyl  [1,  5  Ilexadiene] 


CH,=CH — CH2 — CH=CH2 
CH2=CH— C(CH3)=CH2  (?) 


CH,=CH— CH2 — CH2 — CH=CH2 
-CH, — CH=CH.CH2.CH2.CH, 


Gas 

Gas 

42° 

35° 

59-3° 

126°. 


6.  Conylene  [1,  4-Octadiene]  CH2=CH- 

Symmetric  allylene  has  been  obtained  by  the  electrolysis  of  potassium  itaconate 

^  Divinyl  Erythrene,  or  Pyrrolylene  is  found  in  compressed  illuminating  gas, 
and  serves  as  the  starting-out  material  for  the  synthesis  of  erythrol,  which  yields  it 
on  boiling  with  formic  acid.  It  is  called  pyrrolylene  because  it  is  formed  in  the 
breaking  down  of  pyrrolidine  or  tetra-hydropyrrol  (see  this)  (B.  19,  569). 

Piperylene  and  Conylene  are  formed  in  the  same  manner  from  piperidine  (see 

this)  and  coniine  (see  this)  (B.  14,665,710).  1,1, 

Isoprene,  a  distillation  product  of  caoutchouc,  is  closely  related  to  the  terpenes. 
It  is  called  a  hemiterpene ,  and  hy  spontaneous  polymerization  passes  into  dipentene 

or  cinene,  and  then  back  into  caoutchouc  (B.  25,  R.  644).  ,  ,, 

Diallyl  is  formed  from  allyl  iodide  by  means  of  sodium  (see  hexyl-erythrol). 


4.  OLEFINACETYLENES. 


By  this  name  are  understood  the  hydrocarbons 
linked  pairs  of  carbon  atoms  in  their  molecules, 
none  deserve  special  consideration. 


containing  both  doubly  and  trebly 
Many  of  them  are  known,  but 


OI ACETYLEN ES,  CqH-^h — 6. 

u  f  Wn„Cw  =  S 

twohydrocarbons^djpropar^anddime^hyl-dpacety^ene,^are  isomerm  ^ 

line  df^SUide-  C6H10^  wit’h  KOH. 

ing  odor,  and  boiling  at  85°.  It  forms  copper  and  silver  derivatives.  a.prop 
be  allowed  to  stand,  it  becomes  resmo^.  C  =  CCH  has  been  obtained  from  the 

cop^deriwlive  oUHyl'n'.’  It  melts  at  64°  and  boils  at  130-  (B.  20,  R.  S&4)- 


HALOOEN  DERIVATIVES  OF  THE  HYDROCARBONS. 

The  halogen  substitution  products  result  from  the  repla«^nt  of 
hydrogen  in  the  hydrocarbons  by  the  halogens.  In  *e  discuMono^ 
the  methods  of  formation  and  the  tram iP0,slV°"s  con- 

unsaturated  aliphatic  hydrocarbons,  their  haloid  de"™t"efS  ""during 
stantly  encouniered.  We  have  also  learned  the  methods  of  producing 
these  alkylogens,  proceeding  from  the  hydroarbons.  They  are. 

(1)  Formation  by  the  direct  substitution  o/‘^hm,/kydrocarbons.^  I 

was  emphasized  in  the  case  of  methane  (p  2)  a  ..tacked  by 
that  these  hydrocarbons,  usually  so  very  stab!e,  were  attacked  ) 
chlorine.  A'  molecule  of  hydrogen  chloride  is  produced  ) 
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hydrogen  atom  replaced  by  chlorine,  until  the  entire  hydrogen  con¬ 
tent  is  substituted.  Methane,  CH4,  yields  tetra-  or  perchlormethane 
CC14,  while  ethane  gives  hexa-  or  perchlorethane,  C2C16. 


The  action  of  chlorine  is  accelerated  by,  and  very  often  also  dependent  upon 
direct  sunlight  or  the  presence  of  small  quantities  of  iodine.  It  is  the  IC1  ,  which 
arises  in  the  latter  case,  that  facilitates  the  reaction.  SbCl5  also  plays  the  role  of  a 
chlorine  carrier,  since  upon  heating  it  yields  SbCl3  and  2CI.  In  very  energetic 
chlorination  the  carbon  chain  is  ruptured  (B.  8,  1296;  10,  801). 

The  final  products  are  CC14  and  hexa-  or  perchlorbenzene,  C6C16,  with  perchlor¬ 
ethane,  C2C16,  and  perchlormesole,  C4C16,  as  intermediate  products  (B.  24,  ion). 

Heat  hastens  the  action  of  bromine.  Its  action  is  also  accelerated  by  sunlight  or 
with  AlBr3  as  a  carrier. 

Iron  is  an  excellent  carrier  of  chlorine,  bromine,  and  iodine.  Its  action  seems  to 
be  due  to  the  formation  and  decomposition  of  compounds  with  ferric  halides  (A. 
225,  196;  231,  158).  When  iron  is  used  as  a  bromine  carrier  every  normal  hydro¬ 
carbon  passes  into  that  bromide,  which  contains  just  as  many  bromine  atoms  as  it 
has  carbon  atoms  (B.  26,  2436);  a  bromine  atom  attaches  itself  to  each  carbon  atom. 

sually  iodine  does  not  replace  well,  inasmuch  as  the  final  iodine  products  sustain 
reduction  through  the  hydriodic  acid  formed  simultaneously  with  them : 


C3H7I  +  HI  =  C3H8  -p  I2. 

nrJincr TPr.es^.nce  substances  (like  HIOs  and  HgO)  capable  of  uniting  or  decom¬ 
posing  HI,  iodine  frequently  effects  substitution :  71 


or*H8 1  2J2  +  !°sH  =  5VM  +  3K20 

2C3H8  +  2l2  +  HgO  =  2C3H7I  -f  H2()  -f  Hgl2. 

results  and  these^are'sTn3^  ^  mono'  and  poly-substitution  products  generally 

results,  and  these  are  separated  by  fractional  distillation  or  crystallization. 

and2)aclneienesafnr Mrocarbons,  the  olefines  (p.  93) 
hydriodic  acids  *  The  1  ^droFjll.onc’  hydrobromic,  and  especially 
(B  11  i22I  or  ir  k  ha  0,d  acid  15  dissolved  in  glacial  acetic  acid 
(-A  The  free  halm  ied , in  concentrated  aqueous  solution, 

with  more  avidity  h>’drocarbonS 

marks  as  exisHng)  proCceed\^omeody  ‘ndicated  in  the  preceding  re¬ 
lives  to  halogen  substitution  productsfn'C°nta'nmg  aliphatic  denVa' 

chlorine,  teomtaToHodine^h™*^  groups  of  tlle  alcohols  by  fluorine, 

of  the  phospCus  halMes  (p  r  ,6)eanS  °f  the  haloid  acids  01  by  n’ea"S 

chlorbromide,  or  IOnhosnhnr°S^0rUS  Pentachloride  and  phosphorus 
ketones.  Phosphorus  pentabromide  upon  aldehydes  and 

under  the  individuafgroui^oM!0?1  W1"  be  more  thoroughly  discussed 

Transpositions  ITth*  H®  °gen  substitution  products, 
derivatives  of  the  halogen  suhsritf0^11  Derivatives. — The  iodine 
In  the  light  they  raDidlv  am  ■  utlon  Pr°ducts  are  the  most  unstable. 

quire  a  red  color,  with  the  separation  of 
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iodine.  The  chlorides  and  bromides,  rich  in  hydrogen,  burn  with  a 
green-edged  flame  (p.  24). 

(1)  Nascent  hydrogen  (zinc  and  hydrochloric  acid  or  glacial  acetic 
acid,  sodium  amalgam  and  water)  can  reconvert  all  the  halogen  deriv¬ 
atives,  by  successive  removal  of  the  halogen  atoms,  into  the  corre¬ 
sponding  hydrocarbons  (p.  83) : 

CHClj  +  3H2  =  CH,  +  3  IICl. 

This  change  is  called  a  retrogressive  substitution. 

(2)  Alcoholic  sodium  and  potassium  hydroxides  occasion  the  split¬ 
ting  off  of  an  halogen  hydride,  and  the  production  of  unsaturated 
compounds  (p.  91) : 

CHj .  CH2 .  CH2Br  +  KOH  =  CHS  .  CH  :  CH2  +  KBr  +  II20. 

Propyl  Bromide.  Propylene. 

In  this  reaction  the  halogen  attracts  to  itself  the  hydrogen  of  the  least  hydrogen¬ 
ized  adjacent  carbon  atom  (compare  p.  93).  Such  a  splitting  sometimes  occurs  on 
application  of  heat. 


A.  HALOGEN  PARAFFINS. 

1.  MONOHALOGEN  PARAFFINS,  ALKYLOGENS,  ALKYL  HALIDES, 

CnH2n  +  iX. 

These  are  genetically  connected  by  reactions  to  the  alcohols,  which 
are  almost  always  employed  in  their  preparation.  It  is  impossible  to 
obtain  mono-iodo-paraffins  by  direct  substitution.  On  comparing  the 
formulas  of  the  alkylogens  with  those  of  the  halogen  hydrides, 

HF1  HCI  HBr  HI  H.OH 

C2H5F1  C2H5C1  C2H5Br  C2H6I  C2H6.OH 

it  will  be  seen  that  they  can  be  regarded  as  haloid  acids,  in  which  the 
hydrogen  atoms  have  been  replaced  by  hydrocarbon  residues.  As  the 
latter,  together  with  the  water  residue,  constitute  the  monohydric  (mon¬ 
acid)  alcohols,  they  are  called  alcohol  radicals  or  alkyls.  Acids,  t  e 
hydrogen  of  which  is  replaceable  by  metals,  yield  acid  esters  \\  en 
alcohol  radicals  are  substituted  for  that  hydrogen.  1  he  mono  >a  ogen 
alkyls  are  therefore  discussed  as  haloid  esters ,  at  the  head  of  t  le  aci 
esters  of  the  monacid  alcohols. 


2.  DIHALOGEN  PARAFFINS,  C„H2nX2. 


(a)  Dihalogen  paraffins,  where  two  halogen 
two  different  carbon  atoms,  may  be  viewed  as 
diacid  paraffin  alcohols  or  glycols.  They  can 
and  will  be  considered  together  with  them  : 


atoms  are  attached  to 
the  haloid  esters  of 
be  derived  from  these 
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CH2C1 

1 

ch2.oh 

1 

.CILBr 
CH  ^ 

XCH2Br 

yCHj.OH 
CH  / 

CH2C1 

CH2.OH 

2\ 

xch2.oh 

Ethylene  Chloride. 

Ethylene  Glycol. 

Trimethylene 

Bromide. 

Trimethvlene 

Glycol. 

(b)  Dihalogen  paraffins,  the  two  halogen  atoms  of  which  are  attached 
to  the  same  carbon  atom,  may  be  termed  aldehyde- halides,  if  the 
carbon  atom  is  terminal,  and  ketone-halides ,  when  the  carbon  atom 
occupies  an  intermediate  position.  Indeed,  these  compounds  can  be 
obtained  from  the  aldehydes  and  ketones  by  means  of  phosphorus 
halides.  They  will,  therefore,  be  discussed  after  the  aldehydes  and 
the  ketones : 


CHCL 


CHO 


H3 

Ethylidene  Chloride 
Aldehyde  Chloride. 


i 


h3 

Acetaldehyde. 


CH, 

cci/ 

XCH, 

Acetone  Chloride 
0-Dichlor-propane. 


CO 


/CH, 


XCH, 
Acetone. 


It  must  be  remarked  here  that  the  unsymmetric  ethane  dihalides — 
e'  £•:  ’  cH3  .  CHC12,  ethylidene  chloride — have  lower  boiling  points 
and  lower  specific  gravities  than  the  corresponding  symmetric  iso* 
mendes,  e.g.}  ethylene  chloride,  CH2C1  .  CH2C1. 
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paraffin  polyhalides,  containing  but  one  halogen  atom  to  each 
i  alcohol d*scussed  after  the  corresponding  polyacid 


The 

carbon  _ 7 

paraffin  alcohols.  A  ~ 

^°St  imP°rtant  representatives  of  the  paraffin 

carbon  at’Jn  W  1<^  l^ree  hal°gen  atoms  are  attached  to  the  same 
carbon  atom,  are  the  methane  trihalides : 


CHCI, 

Chloroform. 


CHBr3 

Bromoform. 


CHIS 

Iodoform. 


thaT|jhye;:„rbencZdtyed"thTsSC  ““  “d  itS  deriVa‘iV* 

They  bear^the' ^.tant  ^arf®n  tetrahalides  are  the  methane  tetrahalides- 
halides  sustain  to  f  reIatl°?  to  carbonic  acid  that  the  methane  tri* 
carbonic  acid  :  Jrmic  acid.  They  will,  therefore,  be  treated  attei 


CF14 

Methane 

Tetrafluoride. 


CC14 

Methane 

Tetrachloride. 


CBr4 

Methane 

Tetrabromide. 


CI4 

Methane 

Tetraiodide. 


that  all  the  hydrogen  ffiGth1S°  -Called  methane  perhalides,  to  indicate 
0  them  ls  completely  replaced  by  halogens. 
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Polyhalide  Ethaius. — The  following  tabie  contains  the  boiling  points 
of  the  known  polychlor-  and  polybrom-ethanes : 


Xwe. 

Foc«a.  M.  P.  E  ?.  Forw^a  J4  P  B.  P. 

Vinyl  Trichloride 
,2-Trichlcr-ethazie 

Etbenyl  Trichloride 
a-Triduor-etbase 

Methyl  Chloroform 

CHd, 

CH,a 

CO, 

CH, 

1 

1 14' 

74-5* 

CHBr, 

CH,Br 

— 

iSj-iSS* 

Acetylene  Tetxachlcride 
Symmetrical 

Acetrlidei*  Tetracikride 
Unsymmetrical 

CHC1,  j 
CHO, 

Si^a 

_ 

*47° 

129-130P 

CHBr, 
CHBr, 
CBe, 
CH^r  j 

— 

102° 

<12  =3.) 

i°5° 

(13-5  ■“»-) 

Festachlor-ethane 

CO, 

CHO, 

_ 

— 

15^ 

CBr, 

CHBr,  54' 

d*a®?o5es 

Perchlor-ethane 

CO, 

CO, 

sublimes 

CBr, 

CBr, 

ar  2 rxrzicr 
without  de- 

Fee  the  relations  existing  between  the  boiling  points  and  specific  volumes  of  the 
hafogea  substitution  products  of  the  ethanes,  see  B.  15,  2559.  As  to  the  retracrive 
J»wer  of  tie  brotninaied  ethanes,  see  Z.  phys.  Ch.  2,  236. 


The  polychlor-  and  poly  brom-c  thanes  have  few  genetic  relationships 
with  the  oxygen  compounds  corresponding  to  them.  The  methods  of 
formation  and  the  transpositions  of  the  polysubstituted  ethanes  are 
most  intimately  related  to  the  methods  of  formation  and  the  trans¬ 
positions  of  the  halogen  substitution  products  of  the  ethylenes  and 
acetylenes,  a  tabular  view  of  which  will  be  given  in  the  following 
section.  They  will,  therefore,  precede  the  discussion  of  the  latter. 


It  mar  be  merely  mentioned  here  that  by  the  action  of  chlorine  upon  etnyl 
chloride  and  etbylidene  chloride  in  sunlight  wuthyUhlonform  or  “JrvhlcrethaTU, 
CHgCClg,  will  be  produced  together  with  vinyl  trichloride ,  CH^Q .  CHCl^  The 
fcnher  action  of  chlorine  open  the  tricbloretbanes  produces:  CH/H .  CC1,, 
pcrchlor-ethane,  CCL .  CCL  CHCL .  CHC1,  is  formed  from  acetylene  dichionde  and 
chlorine,  as  well  as  from  dichloraldehyde  by  means  of  phosphorus  pe^achlonde 
(B  *5,  2563).  Only  methyl  chloroform,  CH, .  CCl^  related  to  aceoc  acid  the  same 
■»  chloroform  is  to  formic  add,  will  be  further  described,  together  with  the  chloride* 
°f  the  fatty  acids.  .  T, 

Perch  lor- ethane.  CLCL,  is  a  crystalline  mass,  with  a  camphor  ’^e  odor.  ^ 

gravity  equals  2.01.  It  melts  at  l$7-lS&°  <corr.).  It  sublimes  2.^  a 

naxT  pressure,  as  its  critical  pressure  lies  below  760  mm.  It  boils  at  )  3 

776.7  mm  When  its  vapors  are  conducted  through  a  ta  ----- 
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redness  it  breaks  down  into  Cl2  and  per chlor ethylene.  It  yields  the  latter  compound 
when  it  is  treated  with  potassium  sulphide. 

a-  Tribroviethane,  CH3  .  CBr3,  has  not  yet  been  prepared. 

Acetylene  Tetrabromide,  CHBr2.CHBr2,  is  obtained  from  acetylene  and 
bromine.  Zinc  dust  and  alcohol  convert  it  into  acetylene  dibromide  (A.  221,  141^ 
while  benzene  and  A1C13  change  it  into  anthracene  (see  this.) 

Perbromethane ,  C2Br6,  is  a  colorless,  crystalline  compound,  dissolving  with  diffi¬ 
culty  in  alcohol  and  ether.  It  breaks  down  at  200°  into  bromine  and  perbromethyleney 
C2Br4. 

Five  structural  cases  are  possible  for  trisubstituted  propane.  The  most 
important  of  these  derivatives  have  the  structure  CH2X.CHX.CH2X, 
corresponding  to  glycerol,  CH2(OH)  .  CH(OH)  .  CH2(OH).  They 
will  be  discussed  after  the  latter. 


Mixed  Halogen  Substitution  Products  of  the  Paraffins. — There  are  numerous 
paraffins  containing  different  halogens  side  by  side  in  the  same  molecule. 


B.  HALOGEN  DERIVATIVES  OF  THE  OLEFINES. 

As  a  general  thing,  the  halogen  substitution  products  of  the  unsat¬ 
urated  hydrocarbons  cannot  be  prepared  by  direct  action  of  the  halo¬ 
gens,  since  addition  products  are  apt  to  result  (p.  89).  They  are 
produced,  however,  by  the  moderated  action  of  alcoholic  potash, 
or  AglO,  upon  the  disubstituted  hydrocarbons  CnH2nX2.  This  re- 
th  10?  f?CCUrS  very  readily  if  we  employ  the  addition  products  of 


SPA  +  koh  =  C2H3C1  +  KCl  +  h2o. 

Ethylene  Monochlor- 

Chloride.  ethylene. 


ofThfarMvl^01101'-0  P°taS!’  acts  ver-v  energetically,  the  hydrocarbons 
pounds  thev  -L  i'eS  Te  f°rmed  (P-  95)  Being  unsaturated  com- 
the  latter  •  ^  lrect  y  with  the  halogens,  and  also  the  hydrides  of 


CH„ 


CHBr 


+  Br2  =  I 


CH2Br 


CHBr, 


These  reactions  indicate  that  efhvlfln<a  •  .1 
ration  of  nearly  all  the  hnW-  /  .ne  the  starting-out  substance  for  the  prepa- 

^  The  followin6  p^eParat'on^°f  acetylene.00  produc,s  of  the  ethanes  and  ethylenes, 

ting-off  of  hydrogen^bromiHii^fn111!  ^low>  by  the  addition  of  bromine  and  tile  split- 
are  connected  with  ethvlene  Lr:tie )roni*ne  substitution  derivatives  of  the  ethanes 
lene  (A.  221,  156) :  *  e  e*bylene  bromine  derivatives,  and  with  acety- 
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— HBr 


c 


CH=CH^ - 

i 

Y 

CHBr  =  CHBr- 
X 


U 

X 


v- 

X 

I 


CHBr,.  CHBr, 

CH=CBr^— 


U 

X 

E 

i 


CH,=CH, 


+  HBr 


CH,=CBr, 


CBr,=CBr,  •+ 


>  CH3.CH,Br 


CH,Br.CH,Br 


CH,Br.CHBr, 


CH,Br.  CBr, 


CHBr,.  CBr, 


CBr,.  CBr,. 


Vinyl  Chloride,  CH,  =  CHC1,  and  Vinyl  Bromide,  CH,—  CHBr  are 
obtained  from  ethylene  chloride  and  ethylene  bromide  by  the  action  °(_alcohohc 
potash,  which,  by  continued  action  upon  them,  produces  acetylene.  The  group 

C^The  boding  oft5 ^chlorinated  and  brominated  ethylenes  are  given  m  the 

following  table : 


Formula. 

B.  P. 

Formula. 

B.  P. 

Vinyl  Chloride,  Monochlor- 
ethylene, . 

CH,  =  CHC1 

— 180 

CH,  =  CHBr 

+160 

Acetylene  Dichloride,  sym. 
Dichlorethylene,  .... 

CHC1  =  CHC1 

+55° 

CHBr  =  CHBr 

IIO° 

Acetylidene  Dichloride, 

unsym.  Dichlorethylene, 

CH,  =  CC1, 

+37° 

88° 

CH,  =  CBr, 
CHBr  =  CBr, 

910 

164° 

Trichlor- ethylene,  .... 

CHC1  —  CCl, 

M.  P. 

Tetrachlor- ethylene,  Per- 
chlor-ethylene,  .... 

CC1,  =  CCl, 

121° 

CBr,  =  CBr, 

53° 

Tetra-iodo-ethylene 

Cl,  =  ci, 

0 

00 

M 

(B.  26,  R.  289;  29,  1411), 

•  •  • 

•  •  • 

Consult  A.  221,  156,  for  the  boiling  P01^ Cl  CH>  =  CHBrt  CH,  =  CC1, 

lylenes.  The  unsymmetrical  compounds,  rH  —  CBr*  and  CHBr=CBrj 

dCHI=CBr!,polymerizequiteeaslly(B.I2,2°<  •  ^Qg  djbrom-acetyl  bro- 

:ld  CHjBr.COBr,  brom-acetyl  bromide,  and  Clibr  perchlorethylene 

de  (B.  16,  2919;  21,  3356)  with  oxygen  Ozonized  mr  concert  A  235, 

to  phosgene,  COCl„  and  trichloracetyl  .chlon^eh<®«  J^hvlenes,  in  the  presence 
O,  299,  for  the  action  of  A1CIS  on  polybrom  ethanes  and  etn. 

See?"  26,  R.  18,  19,  for  the  addition  of  iodine  to  acetylenes. 
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Three  different  mono-halogen  products  are  derived  from  propylene,  CH  _ CH 

=  CH2 : 

(1)  CHS  —  CH  =  CHX  (2)  CH3  -  CX  =  CH2  (3)  CH2X  -  CH  =  CH 

a-Derivatives.  /3-Derivatives.  y-Derivatives.  2' 

fl)  The  ^-derivatives  are  obtained  from  the  propylidene  compounds  CH 

CH2.CHX2  (from  propyl  aldehyde),  when  the  latter  are  heated  with  alcoholic  Dotaf 
sium  hydroxide.  ^ 

(2)  The  /?  derivatives,  CH3.CX:CH2,  are  prepared  in  pure  condition  from  the 
halogen  compounds,  CH3.CX2.CH3  (p.  102),  derived  from  acetone. 

(3)  The  y-derivatives  of  propylene,  CH2X  —  CH  =  CH2,  are  des- 

~tyLT\a/oi£s’  because  they  correspond  to  allyl  alcohol, 
Cli2:CH.CH2OH.  Ihey  will  be  described  after  the  alkylogens. 

C.  HALOGEN  ACETYLENES. 

CHCG  l\\'xih!Zide\-  C2H,?’  has  b®en  Gained  from  dichlor-acrylic  acid,  CC12  = 
.C02H,  by  the  action  of  baryta.  It  is  an  explosive  gas  (A.  2oqf  88  •  B  21  ^781) 

poilhlTirfn'fl  ’  F*H.Br'.obtained  from  the  dibromide  by  means  of  Cholic 
pot  as  n,  is  a  gas,  lnilaming  in  air  contact. 

water^(B  *i8  ^2274)  *S  t°rmed  on  boiling  potassium  iodopropargylate  with 

It  melts^with^f lernm’  ^2J2>  *S  Pro^nced  when  iodine  acts  upon  silver  acetylide. 

(B -  29,  l4ll)inthelighro'r0,whenitisheateCdhangeS  large'y  ‘°  ethy'ene  ‘etraiodide 

The  moduc^eiareCfn^  ^envatlvfs  polymerize  more  easily  than  acetylene  itself, 
benzene.  ^  f  enzene  derivatives :  monobrom-acetylene  yields  tribrom- 

~  C6H3Br3 ;  3CH  —  Cl  =  G.H.I,  •  -i Cl  —  Cl  — C  I 
T ribrom-benzene.  Tri  k  6  3  3  ’  d'-'1  — 

1  ri-iodo-benzene.  Hexa-iodo-benzene. 

mafbften'doted^ere3  a'"  <?)  0rCCI*  =  CCI  ~  CCl  =  CCI,(f), 

melts  at  39”  and  boils  a.  284“  (B.  io,  804/ aUOM' 

™"  DERIVATIVES  of  the  methane  hydrocarbons. 

in  studying'theCaliphatic  hvl-l' the  s.lmPlest  Unkings  of  the  carbon  atoms 
products.  The  deri v:i t i ,,<.c>  rOCal  Jons  anci  their  halogen  substitution 

They  furnish  further  cause  "fof ,{“  the  °^ea  “™P™ndS' 

pounds.  We  mav  comid*  5?r  1  le  classification  of  the  carbon  com- 
carbons  by  the  substitution  rf!iGm  ^  ^°rmed  from  the  aliphatic  hydro¬ 
group — OH,  for  hydrogen  °  * 16  univa^ent  water  residue — the  hydroxyl 

atom.  In  the  firstVn^r°X^  SrouPs  attach  themselves  to  each  carbon 
pounds,  closely  relatedS  fn ^  a  cobols  res»lt.  These  are  neutral  com¬ 
ing  to  the  number  of  u  i  man/  resPects  to  water.  Alcohols,  accord- 
as  mono-,  di-  tri-  and  ^  ^*!ouPs  present  in  them,  are  classified 

hydroxyl  a  univalent  roJ^°  because  in  the  alcohols  with  one 

univalent  radical,  and  in  those  with  two  hydroxyls  a  biva- 
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I07 


lent  radical,  etc.,  is  in  union  with  the  water  residues.  Therefore,  the 
simplest  monohydric  alcohol  contains  one  carbon  atom,  the  simplest 

almhnl  two  rnrhon  atoms.  Ptr  .  n<;  inHiratpH  in  fnllnwinor 


arrangement 

• 

• 

ch4 

CII, .  OH 

CH. 

CH2 .  OH 

1 

1 

CH, 

CH2 .  OH 

CH, 

CH2 .  OH 

I 

| 

ch2 

CH, 

CH  .OH 

| 

CH2 .  OH 

CH, 

CH2 .  OH 

1 

1 

ch2 

ch2 

CH  .OH 

I 

CH  .OH 

CH2 .  OH 

| 

CH, 

CH, 

ch2 

CH, 

CH2 .  OH 

I 

CH  .OH 

I 

CH  .OH 

1 

1 

ch2 

I 

CH  .OH 

CH2 .  OH 

1 

CH, 

CH, 

1 

CH2 .  OH 

1 

I 

r* 

CH  .  OH 

1 

C 

I 

:h2 

CH  .  OH 

I 

<! 

!h. 

CH  .OH 

1 

1 

ch2 

Jh, 

CH  .  OH 

CH2 .  OH 

Ethylene  Glycol ,  the  simplest  dihydric  alcohol. 


CH  .  OH  Glycerol ,  the  simplest  trihydric  alcohol. 


Erythrol,  simplest  tetrahydric  alcohol. 


Mannitol ,  the  simplest  hexahydric  alcohol. 


Or,  hydrogen  atoms  attached  to  the  same  carbon  atom  of  hydro¬ 
carbons  are  replaced  by  — OH  groups.  In  such  cases  experience 
teaches  that,  with  rare  exceptions,  water  splits  off,  and  oxygen  uni  es 
itself  with  its  full  valence  to  carbon.  The  following  possibilities  then 
arise:  Two  hydroxyl  groups  replace  two  hydrogen  atoms  o  a  terinina 
CH,- group,  or  of  an  intermediate  CH2-group;  three  hydroxyl  groups 
replace  three  hydrogen  atoms  of  a  terminal  CH3-groupj  "a  e 
always  separates,  e .  g.  : 
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(I)  CH 

j 

‘  H 

(*) 


/OH 

,/CfOH\  -H..O 

M>  ) - 


cf° 


ch3 

I 

CH, 
CH3 


i 


/OH 


-h2o 


C/OH 

jV> 

H 


|.h2 

ch3 

CH, 

u 


/OH 

<&> 

ch3 

(f<SS) 

CH, 

/OH 

(!<§g) 

ch3 


h2o 

- >  1  \H 


-h2o 


CH, 
CH3 

><L 

(in 


o 


-h2o  c/oh 

- >  iV> 


CH, 


Three  new  classes  of  oxygen  derivatives  are  formed  : 

(1)  Compounds  containing  the  group  _C^°  :  Aldehydes.  The 
group  — C^.  is  called  the  aldehyde  group. 

(2)  Compounds  containing  the  group  =C=0  in  union  with  two 

carbon  atoms :  Ketones.  The  group  =CO  is  known  as  the  keto-  or 
ketone  group. 

(3)  Compounds  containing  the  group —C^  :  Carboxylic  acids. 

Th  C  =  0  .  ° 

e  ^rouP  ^OH  1S  caded  carboxyl.  The  alcohols,  aldehydes,  and 

adds165  Thev^n  ra^  SL!^stances-  The  carboxylic  acids  are  pronounced 
AldehvdeT  tZ  SaltS  the^ame  manner  is  the  mineral  acids, 
to  the  mon  acid  i;arkoxylic  acids  are  most  intimately  related 

Ind  wJbe  dtutedifter  S  pr°duCtS  ofalcohols’ 

manner  yield  untTuZ.7  *,  e?\  ^saturated  hydrocarbons,  in  like 
acids.  As  a  rule  the  nm  ^°ho  aJdehydes,  ketones,  and  carboxylic 
after  the  saturated  comnoundT^  denvatives  will  receive  attention 
urated  alcohols  will  follow  the  *'  *"  ^ 

itself“tdathe  d“  °f  oxidation  Products  attaches 

oxygen-containing  atomir  y"hydnc  alcohols.  These  have  the  same 
their  oxidation  products  aS°Uf  ’  the  nipnohydric  alcohols  and 
molecule.  The  multinliVit,,  at  * ie  ,same  time  several  in  the  same 
nine  classes  of  oxidation  nr???  raP^dty*  It  will  be  seen  later  that 
alcohols  or  glycols.  ^  uc  s  may  be  derived  from  the  dihydric 

Hie  foregoing  development  of  the 

oxyl,c  acd5  must  be  completed  with  L?060110?  of  aldehydes,  ketones,  and  carb- 

£%  roSen  atoms  are  replaced  bv  hv?6  l  ^et  US  suPPose  *n  this  case  that  the 

nL  .  t  ,W°U,ld  then  be  Possible  and  ^  ?yl  grouPs-  The  of  two  molecules 

not  capable  of  existent  iL-ti - n.(  cafbon  dioxide,  the  ef  twn  acids 


/H 

C<-H 

5h 

Ov 

A\ 

H 

V 

OH 

OH 

OH 

OH 


.OH 
C^— OH 

II 

O 


« 


-O 


Orthocarbothc  Acid  v,  °  ° 

Metacarbonic  Acid.  Carbon  Dioxide 
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The  carbonates  are  salts  of  a  dibasic  acid.  Therefore,  carbonic 
acid,  with  its  numerous  derivatives,  will  be  discussed  before  thedicarb- 
oxylic  acids,  the  final  oxidation  products  of  the  diacid  alcohols  or 
glycols,  whose  simplest  representative  is  oxalic  acid. 


III.  THE  MONOHYDRIC  ALCOHOLS  AND  THEIR  OXIDATION 

PRODUCTS. 


1.  MONOHYDRIC  ALCOHOLS. 

The  monohydric  alcohols  contain  one  hydroxyl  group,  OH  ;  bi¬ 
valent  oxygen  links  the  univalent  alcohol  radical  to  hydrogen  : 
CH3 .  O .  H,  methyl  alcohol.  This  hydrogen  atom  is  characterized  by 
its  ability,  in  the  action  of  acids  upon  alcohol,  to  exchange  itself  for 
acid  residues,  forming  compound  ethers  or  esters ,  corresponding  to  the 
salts  of  mineral  acids  : 


c2h5  .  oh  +  no2  .  oh  =  c2ii5  .  o .  no2  +  ri2o. 

Ethyl  Alcohol.  Ethyl  Nitrate  or 

Nitric  Ethyl  Ester. 

Alkyls  and  metals  can  also  replace  the  hydrogen  in  alcohol : 


C2H5 .  O .  CH3 


C2H5 .  ONa. 


Ethyl-methyl  Ether.  Sodium  Ethylate. 

Structure  of  the  Monohydric  Alcohols. — The  possible  iso¬ 
meric  alcohols  may  be  readily  derived  from  the  hydrocarbons.  There 
is  one  possible  structure  for  the  first  two  members  of  the  normal 
alcohols: 

CH3 .  OH  C2H5 .  OH. 

Methyl  Alcohol.  Ethyl  Alcohol. 

Two  isomerides  can  be  obtained  from  propane,  C3H8  =  CH3 .  CH2. 
CH3: 

CH3.CH2.CH2.OH  and  CH, .  CH(OH) .  CH3. 

Propyl  Alcohol.  Isopropyl  Alcohol. 

Two  isomerides  correspond  to  the  formula  C4H10  (p.  43)  : 


ch3.ch2.ch2.cii3 

Normal  Butane. 


and  CH(CH3)3. 

Isobutane. 


Two  isomeric  alcohols  may  be  obtained  from  each  of  these : 


and 


CH. 

Ah, 

in2 

.  <!:h2  .  oh 

Primary  Butyl 
Alcohol. 


CH, 


Ah 

,  3  CH  yCH 

CH  .  OH  CH^CH*  .  OH  and  C(OH)^-CH, 

ia 


XCH 


Secondary  Butyl 
Alcohol. 


Prim.  Isobutyl 
Alcohol. 


XCH„ 

Tert.  Isobutyl 
Alcohol. 


An  excellent  method  of  formulating  the  alcohols  was  introduced  by 


no 
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Kolbe  in  i860  (A.  113,  307  ;  132,  102).  He  regarded  all  alcohols  as 
derivatives  of  methyl  alcohol,  for  which  he  proposed  the  name  car¬ 
binol ,  and  compared  the  alcohols,  formed  by  the  replacement  of  hydro¬ 
gen,  not  in  union  with  oxygen,  by  alcohol  radicals  with  the  primary, 
secondary,  and  tertiary  amines,  resulting  from  the  replacement  of 
the  hydrogen  in  ammonia  by  alcohol  radicals.  With  this  view  as  a 
basis,  Kolbe  predicted  the  existence  of  secondary  and  tertiary  alco¬ 
hols.  Their  first  representative  was  discovered  shortly  afterward. 
By  the  replacement  of  one  hydrogen  atom  in  carbinol  by  alkyls  (p.  57) 
the  primary  alcohols  result : 


CH, 


H 
H 

OH 

Methyl  Carbinol,  or 
Ethyl  Alcohol. 


ch3 

'U 


Oil 


c2h5 


c2h5 


H 
H 
OH 

Ethyl  Carbinol,  or 
Propyl  Alcohol. 


CH2 .  OH 


If  the  replacing  group  possesses  normal  structure,  the  primary  alco¬ 
hols  are  said  to  be  normal.  In  alcohols  of  this  class  the  carbon  atom 
carrying  the  hydroxyl  group  has  two  additional  hydrogen  atoms  (they 
contain  the  group — CH2.OH).  Hence  compounds  of  this  variety 
may  very  easily  pass  into  aldehydes  (with  group  COH)  and  acids  (with 
COOH  group)  on  oxidation  (see  p.  108)  : 


CHS  CH, 

yields 

CH2 .  OH  COH 

Primary  Alcohol.  Aldehyde. 


and 


ch3 

COOH 

Acid. 


The  secondary  alcohols  result  when  two  hydrogen  atoms  in  carbinol, 
CH3  .OH,  are  replaced  by  alkyls : 


C 


CH, 

ch3 

H 

OH 


CHS 

-Jh. 

ch. 


OH 


Dimethyl  Carbinol,  or 
Isopropyl  Alcohol. 


c2h5  c2n5 

CH3  =  iH. 

OH 


OH 


CH, 


Ethyl-methyl  Carbinol,  or 
Isobutyl  Alcohol. 


In  alcohols  of  this  class  the  carbon  atom  carrying  the  OH  group 
has  but  one  additional  hydrogen  atom.  (They  contain  the  group 
>  CH  .  OH.)  I  hey  do  not  furnish  corresponding  aldehydes  and  aci  s. 
When  oxidized  they  pass  into  ketones  (p.  108)  : 


f  CH, 

CH 
H 

v  OH 

Dimethyl  Carbinol. 


yields 


(CH, 
cl  CH3 


(o 


ch3 

=  >co 

ch3 


Acetone. 


W  hen,  finally,  all  three  hydrogen  atoms  in  carbinol  are  replaced 
alkyls,  we  get  the  tertiary  alcohols,  containing  the  group  yrC  • 


monohydric  alcohols. 


Ill 


c 


CH, 

CH. 

CH, 

OH 


ch3 

CH3~C‘0H  Trimethyl  Carbinol. 

3 


The  tertiary  alcohols  decompose  when  oxidized 

spondfng  hyTc^rboTs!  wifh  the  addiUon  oTthe  ovT"  °f  ^  ^ 

CH  CH  CH3  OH  r^p banol] ,  CH3  .  CH2 .  OH  =  [Ethanol]  ; 

3 .  IH2  .  CH2  .  OH  _  [  1 -Propanol]  ;  CH3  .  CHOH  .  CH3  =  [2-Propanol]. 

tbrThe  ,paralle1^  in  the  f°rmulas  of  the  three  classes  of  alcohols  and  the 

SE&XfiZfc*-’""*  UPOn 


R  .  CH2 .  OH 
Primary  Alcohols. 

R.NHj 

Primary  Amine. 


r>ch.oh 

Secondary  Alcohols. 

r>nh 

Secondary7  Amine. 


R\ 

R-7C .  OH 
Rx 

Tertiary  Alcohols. 

R\ 

R-7N 

Rx 

Tertiary  Amine. 


The  deportment  of  alcohols  on  oxidation  is  of  great  importance  in 
answering  the  question  as  to  whether  a  certain  alcohol  is  primary,  sec- 
ondary,  or  tertiary  in  its  character.  What  has  already  been  submitted 
may  be  summarized  thus: 

A  primary  alcohol  on  oxidation  yields  an  aldehyde ,  which  passes  into 
an  acid  it  the  action  be  continued.  This  acid  contains  as  many  carbon 
atoms  in  its  molecule  as  the  parent  alcohol.  Oxidation  changes  a  sec¬ 
ondary  alcohol  into  a  ketone ,  having  an  equal  number  of  carbon  atoms 
in  its  molecule.  A  tertiary  alcohol  breaks  down  on  oxidation  into 
compounds  having  a  lower  carbon  content. 

The  basis  of  the  classification  of  the  next  section  is : 

The  monohydric  alcohols  and  their  oxidation  products  : 


(la)  Primary  Alcohols  (_CH2 

O 

,  ,  T  JO 

(2)  Aldehydes  ( _ )  . 

XH 

(4)  Carboxylic  Acids  (__C<f 


(i£)  Secondary  Alcohols  (=CH  .OH) 

|  (ic)  Tertiary  Alcohols  (=C.  OH). 

T 

(3)  Ketones  (=  CO)  • 


Four  classes  of  oxygen  derivatives  must,  therefore,  be  distinguished. 

he  unsaturated  derivatives  attach  themselves  to  the  saturated  of  each 
class. 
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Formation  of  Alcohols. — Review  of  Reactions. — They  are  ob- 
tamed  from  bodies  containing  a  like  number  of  carbon  atoms: 

(1)  By  the  saponification  of  acid  esters. 

(2)  By  the  reduction  of  polyhydric  alcohols. 

(3)  By  the  action  of  nitrous  acid  upon  amines. 

(4)  By  the  reduction  of  their  oxidation  products. 

From  nucleus-syntheses  (p.  85) : 

(5)  By  the  action  of  zinc  alkyls,  or  zinc  alkyls  and  alkyl  iodides 
upon  aldehydes,  acid  chlorides,  ketones,  formic  esters,  acetic  esters’ 
and  chlorinated  ethers. 

(\a)  From  Haloid  Esters  or  Alkylogens. — It  was  mentioned,  in 
describing  the  transformations  of  the  alkylogens,  that  the  latter  afford  a 
means  of  passing  from  the  paraffins  and  olefines  to  the  alcohols  (p.  101). 
As  caustic  alkali  causes  the  separation  of  a  halogen  hydride  from  the 
alkylogens,  it  is  possible  to  exchange  hydroxyl  for  the  halogen,  espe¬ 
cially  it  this  be  iodine.  This  is  most  easily  accomplished  by  the  action 
of  freshly  precipitated,  moist  silver  oxide,  or  by  heating  with  lead 
oxide  and  water : 

Q2H5I  -f-  AgOH  =  C2H5 .  OH  4  Agl. 

Even  water  alone  causes  a  partial  transposition  of  the  more  reactive  tertiary  alkyl 
iodides;  whereas  the  other  alkylogens  in  general  when  heated  for  sometime  with 
IO-^5  volumes  of  water  to  loo°  are  completely  converted  into  alcohols  (A. -186,  390). 

ertiary  alkyl  iodides  heated  to  ioo°  with  methyl  alcohol  pass  intomethvl  alcohols 
and  methyl  iodide  (A.  220,  158). 

(1^)  Ey  the  Saponification  of  their  Esters. — It  is  often  more 
practical  to  first  convert  the  halogen  derivatives  into  acetic  acid  esters, 
by  heating  with  silver  or  potassium  acetate  : 

C2H5Br  4.  C2H30  .  OK  =  C2H5  .  O  .  C2H30  4  KBr, 

Potassium  Acetate.  Ethyl  Acetic  Ester. 

and  then  boil  these  with  potassium  or  sodium  hydroxide,  and  obtain 
the  alcohols : 

C2H8  •  O .  C2H30  -f-  KOH  =  C2II5  .  OH  4  C2HsO  .  OK. 

The  second  reaction  is  called  saponification,  because  by  means  of  it  the  soaps, 

*•  /■’  ,  a‘ka*1  sa*ts  of  the  fatty  acids  and  glycerol  (see  this),  are  obtained  from  the 

glycerol  esters  of  the  fatty  acids— the  fats. 

( IC )  By  decomposing  the  acid  esters  of  sulphuric  acid  with  boiling 
water : 

S0*<8kC2H5  +  H2°  =  c2H5.OH  4  so4h2. 

Ethyl  Sulphuric  Acid. 

This  reaction  constitutes  the  transition  from  the  olefines  to  the 
a  cohols,  as  these  esters  may  be  easily  obtained  by  directly  combining 
the  unsaturated  hydrocarbons  with  sulphuric  acid. 

Many  alkylens  (like  iso-  and  pseudo-butylene)  dissolve  at  once  in  dilute  nitric  acid, 
absorb  water,  and  yield  alcohols  (A.  180,  245). 


WiWMfiS,  >i//AVXX 


*'$ 

The  reduction  ef  fefyhpdrie  sleoheU  by  byfcbaftr  *6&  jitUa  +* 

*m«s-*y  vivk  are  */**<atA  »  i#  a  j**v  1,'sJL 

dmmd*€»,e,g.s  '  * 

CM/m  CH,  Of, 

Aht/h  ^4-Ahi jnow 

Aw/>«  if,  it 

<*-*  *S5Bf 

Cr,  'i*  ^^vydra*  tie  y/.fry&k.  dU/hrM  *ufcr  vt  *c£«*4,  e.  {,  • 

CXMf  CH//K  ^  CH//H 
- V-  I  _ ^  I 


! 

CH, 

ItjArfmi*.. 


CH/1 
J&fcyS 


CH, 


*2/  Attv/n  *f  ntirvut  es.td  uy/n  the  primary  amt**:  ; 

C^JfH,  +  WO,OH  —  C^.OH  +  K,4-  H/X 

V«*y  'Ale*  *:iaAry/^Mjm  «ccar  wjA  fie  \*&*x  ASkfkumum,  vjz  w&ad.  'A  <i*t 
yr  Kaur  i///y/t,  »e  thrum  hfifsxsjztrt  iJohc/k  B-  . 


r4# ')  VrimMf  aloM  remit  fr^xa  the  redxtk«  of  aldehydes,  acid 

chlorides,  <  vi  anhydrides  : 

sssCH,, CH,, CH,, OH  (Win*,  A.  1*3,  !*>;. 
=CH,.CH,,OH  -f  HCL 

I^C^.OH+CHj.OCiOH  /yjanwMM,  A.  242,  *•«- 

Atkn^/Ur 


raKfcfr, 

jypflOrHi, 

cfcg^-Mi 


arc  fir*  Ujmmn  »  the  rtoactke  <f  acid  cxXodet  aa>c  aaferydr/to;  :usy 
* 1  •%  are  red«c«rd  to  adoA*/*.  Tie  T*rh*mt%  ifM*  are  4tae  au^one  acic  x 

******  «i3,  fejge&er  iridb  kAjmet.  rr^ogat,  K/iaat,  mob  £-iafP*  s«d  rase  cm.:  iJ  > 

iji«;  *6,1715, 

Tii  h.  tk  bat  af  dac*t  pac^xt  Ly  viodb  *c  drohcA  car.  le  taa««  woam^ 
‘/i*z, enmdmma  m  Mem  zsx*  A  *rsr+  Tmt  zk> dbsA  k  daaaged  xser&de 

*» fl*  fTTaaie,  *»f  rat  litser  v>  tie  acid,  wife*,  by  ndoak*  U  a*  c^xvyt  <r  » 
jjzSa  tit  atv  jufliil ; 


CHfiOC 


(4fi)  The  reduction  of  ketones  yields  secondary  alcohols  Fr*j*-J*  "V; 
:24j  324^  together  ■rith  p,'&acoG«  f see  these),  the  di-tatarj  c.^iy 

"«*ob«rg||cabs 

CH,  CH,  CH,  CH*  CH» 

Ao  -f  *H=  iiOH  ;  «Ao  -f  *H  =  HO-A  C  OH 

it,  it  if,  in,  a** 

A**Ume.  '.xrsy'/yfl  kJijAtt*- 
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Nucleus-synthetic  Methods  of  Formation. 

(50)  Acid  Chlorides  and  Zinc  Alkyls  ;  Ketones ,  Zinc  Alkyls  and  Alky - 
logens. — A  very  remarkable  synthetic  method,  proposed  by  Butlerow 
(1864),  which  led  to  the  discovery  of  the  tertiary  alcohols,  consists 
in  the  action  of  the  zinc  compounds  of  the  alkyls  upon  the  chlorides 
of  the  acid  radicals  (Z.  f.  Ch.,  1864,  385  ;  1865,  614). 

The  reaction  divides  itself  into  three  phases.  At  first  only  one  molecule  of  zinc 
alkyl  reacts,  and  adds  itself  to  the  acid  chloride  as  a  result  of  the  breaking  down 
of  the  double  linkage  between  the  carbon  and  oxygen  : 

(1)  CH, .  C ^  +  Zn(CHj),  =  CHSC 

Acetyl  Chloride. 


O .  Zn .  CH,. 
Cl 


By  decomposing  the  reaction-product  with  water,  acetone  is  formed.  However, 
should  a  second  molecule  of  the  zinc  alkyl  act  upon  the  new  compound,  further  reac¬ 
tion  will  take  place  on  longer  standing: 

f  CH3  ( CH3  f- 

(2)  CH3 .  C  -j  O  .  Zn  .  CH3  4  Zn  (CH,)2  =  CHS .  C  \  O .  Zn .  CH,  4  Zn  j  ? 

(Cl  (ch. 


If  now  water  be  permitted  to  take  part,  a  tertiary  alcohol  will  be  formed: 


(3) 


fCH, 

CH3 .  C  \  O  .  Zn  .  CH3  +  2H,0  = 

l  CH, 


fCH, 

CH3  .  C  -J  OH  -j-  Zn(OH)2  4  CH4. 
(CH, 


If  in  the  second  stage  the  zinc  compound  of  another  radical  be  employed,  the  latter 
may  be  introduced,  and  in  this  manner  we  obtain  tertiary  alcohols  with  two  or  three 
different  alkyls  (A.  175,  374,  and  188,  no,  122). 

It  is  remarkable  that  only  zinc  methyl  and  ethyl  furnish  tertiary  alcohols,  while 
zinc  propyl  affords  only  those  of  the  secondary  type  (B.  16,  2284;  24,  R.  667). 

The  ketones  in  general  do  not  react  with  the  zinc  alkyls.  On  the  other  hand, 
diethyl-acetone,  (C2H3)2CO,  and  dipropyl  ketone,  (C,H7)2CO,  are  converted  by  zinc 
and  methyl  (ethyl)  iodide  into  zinc  alkyl  compounds ;  these,  under  the  influence  of 
wate-  pass  into  tertiary  alcohols  (B.  ig,  60  ;  21,  R.  55)-  We  get  unsaturated  tertiary 
alcohols  from  all  the  ketones  by  the  action  of  zinc  and  allyl  iodide  (A.  196,  113). 


(5^)  When  zinc  alkyls  act  upon  aldehydes,  only  one  alkyl  group 
enters,  and  the  reaction  product  of  the  first  stage  yields  a  secondary 
alcohol  when  treated  with  water  (A.  213,  369  j  and  B.  14,  2557)* 


CH, .  CHO 
Aldehyde. 


>  CH, .  CH< 


C2H5 

O  .  Zn .  C2H5 


¥■  CH, .  CH .  <q 2/i^5  * 

Methyl-ethyl  Carbinol. 


.4// aldehydes  (even  those  with  unsaturated  alkyls,  and  also  furfuran)  react  in  this 
onl£  w,th  zin<T  methyl  and  zinc  ethyl,  while  with  the  higher  zinc  alkyls  the 
a  dehydes  suffer  reduction  to  their  corresponding  alcohols  (B.  17,  R.  31S).  ^lth 
zinc  methyl  chloral  yields  trichlorisopropyl  alcohol,  CCl,.CH(OH)  .CH,;  whereas 
wit  zinc  ethyl  it  is  only  reduced  to  trichlorethyl  alcohol  (A.  223,  162). 


(5^)  Just  as  we  obtained  tertiary  alcohols  from  the  acid  radicals,  so 
can  we  deiive  secondary  alcohols  from  the  esters  of  formic  acid.  Zinc 
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alkyls  are  allowed  to  react  in  this  case  (or,  better,  alkyl  iodides  and 
zinc),  and  two  alkyls  are  introduced  : 


II 


(V3- 


N) .  c2h5 

Ethyl  Formic  Ester. 


sO  .  Zn  .  CH, 
>HC— CH3  - 

xo .  c,h6 


/O  .  Zn  .  CH,  .OH 

>  HCf CH3 - HCfCH, 

xch3  \Ch3 

Dimethyl  Carbinol. 


Using  some  other  zinc  alkyl  in  the  second  stage  of  the  reaction,  or  by  working  with 
a  mixture  of  two  alkyl  iodides  and  zinc,  two  different  alkyls  may  also  be  introduced 
here  (A.  175,  362,  374). 

Zinc  and  allyl  iodide  (not  ethyl-iodide,  however)  react  similarly  upon  acetic  acid 
esters.  Two  alkyl  groups  are  introduced  and  unsaturated  tertiary  alcohols  formed 
(A.  185,  175). 

Chlorinated  ethers,  e.  g.,  C1CH2 .  OCH3,  and  zinc  alkyls  yield  ethers  of  primary 
alcohols  (B.  24,  R.  858): 

2CI .  CH2 .  OCH3  +  Zn(C2H5)a  =  2C2H5 .  CH2 .  OCH3  -f  ZnCl2. 


In  addition  to  the  above  universal  methods,  alcohols  are  formed  by 
various  other  reactions.  Their  formation  in  the  alcoholic  fermenta¬ 
tion  of  sugars  in  the  presence  of  ferments  is  of  great  practical  import¬ 
ance.  Appreciable  quantities  of  methyl  alcohol  are  produced  in  the 
dry  distillation  of  wood.  Many  alcohols,  too,  exist  as  already 
formed  natural  products  in  compounds,  chiefly  as  compound  ethers  of 
organic  acids. 


Conversion  of  Primary  into  Secondary  and  Tertiary  Alcohols.  By  the 
elimination  of  water  the  primary  alcohols  become  unsaturated  hydrocarbons  Cu  2„ 
(p.  01).  The  latter,  treated  with  concentrated  HI,  yield  iodides  of  secondary 
alcoholic  radicals,  as  iodine  does  not  attach  itself  to  the  terminal  to 
hydrogenized  carbon  atom  (p.  93).  Secondary  alcohols  appear. w  en  ^seio 
are  acted  upon  with  silver  oxide.  The  successive  conversion  is  illustrated  m  the 

following  formulas : 


ch3 

ch3 

ch3 

ch3 

1 

1 

ch2 

— CH  - 

II 

ch2 

Propylene. 

— ?>-  CHI - 

— CH  .  OH 
I 

.  oh 

Propyl 

Alcohol. 

ch3 

Isopropyl 

Iodide. 

CH3 

Isopropyl 

Alcohol. 

Primary  alcohols  in  which  the  group  CH2.OH  is  joined  to  a  secondary  radical, 
pass  in  the  same  manner  into  tertiary  alcohols . 


CH*>CH  •  CH2 .  OH  -^CH3>C  =  CHa  ^ch3>ci'"CH3  ^ch3>c(°h!  ‘ CH3 

CH,^  2  ^  A, Tertiary  Butyl 

Alcohol. 


Isobutyl  Alcohol. 


Isobutylene. 


Tertiary  Butyl 
Iodide. 


The  change  is  better  effected  W ‘h^  ^“^“Sphuric  acTd  reSKnkefto 
,t  SLTterth'^'els^J^r ’of  auached  h/rogen  atoms. 

Physical  Properties.— In  physical  propertie^^akoho^^  -p[us 
gradation  corresponding  to  their  increase  11 
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is  true  of  other  bodies  belonging  to  homologous  series.  The  lower 
alcohols  are  mobile  liquids,  dissolving  readily  in  water,  and  possessing 
the  characteristic  alcohol  odor  and  burning  taste.  As  their  carbon 
content  increases,  their  solubility  in  water  grows  rapidly  less.  The 
normal  alcohols,  containing  from  one  to  sixteen  carbon  atoms,  are 
oils  at  the  ordinary  temperature,  while  the  higher  are  crystalline  solids, 
without  odor  or  taste.  They  resemble  the  fats.  Their  boiling  points 
increase  gradually  (with  similar  structure)  in  proportion  to  the  increase 
of  their  molecular  weights.  This  is  about  io°  for  the  difference,  CH2. 
The  primary  alcohols  boil  higher  than  the  isomeric  secondary,  and 
the  latter  higher  than  the  tertiary.  Here  we  observe  again  that  the 
boiling  points  are  lowered  with  the  accumulation  of  methyl  groups 
(see  p.  64).  The  boiling  points  can  be  calculated  with  approximate 
accuracy  from  the  alkyl  residues  present  (B.  20,  1948).  The  higher 
members  are  only  volatile  without  decomposition  under  diminished 
pressure. 

Chemical  Properties  and  Transpositions. — The  alcohols  are 
neutral  compounds.  In  many  respects  the  first  members  of  the  series 
resemble  water,  and  enter  into  combination  with  many  salts,  in  which 
they  play  the  role  of  water  of  crystallization  (p.  118). 

Some  of  their  more  important  transpositions  are — 

(1)  The  hydroxyl  hydrogen  is  easily  replaced  by  sodium,  potassium, 
and  other  metals,  yielding  thereby  the  alcoholates. 

(2)  In  their  interaction  with  strong  acids  water  separates  and  com¬ 
pound  ethers  or  esters  are  produced.  This  reaction  is  analogous  to 
that  taking  place  in  the  formation  of  a  salt  from  a  basic  oxyhydrate 
and  an  acid.  The  alcohols  figure  as  the  base  (p.  132). 

(3)  The  haloid  esters  of  the  alcohols  are  produced  when  the 
alcohols  are  heated  together  with  the  haloid  acids.  These  esters  are 
the  monohalogen  derivatives  of  the  paraffins  (p.  101).  A  more  con¬ 
venient  method  for  their  formation  consists  in  heating  the  alcohols 
with  the  phosphorus  haloids. 

Nascent  hydrogen,  acting  upon  these  esters,  affords  a  means  of 
reconverting  the  alcohols  into  their  corresponding  hydrocarbons 
(p.  101). 

(4)  Energetic  dehydrating  agents  change  the  alcohols,  especially 
those  of  the  tertiary  class,  into  the  olefines  (p.  92). 

(5)  Heated  with  phenols  and  zinc  chloride,  they  yield  homologous  phenols  (see 
these). 

Reactions,  Distinguishing  Primary,  Secondary,  and  Ter¬ 
tiary  Alcohols.— (1)  In  the  preliminary  description  of  the  alcohols 
it  was  clearly  shown  that  primary  alcohols,  upon  oxidation,  yield 
aldehydes  and  carboxylic  acids;  that  the  secondary  alcohols  form 
ketones  with  like  carbon-content  (p.  hi),  and  that  the  tertiary 
alcohols  break  down. 

(2)  If  the  alcohols  be  converted  by  phosphorus  iodide  (p.  100)  into  their  iodides, 
and  the  latter  are  changed  by  silver  nitrite  to  nitroalkyls  (see  these),  the  latter  com- 
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acetone  as  its  chief  impurity.  To  remove  this  add  anhydrous  calcium  chloride.  The 
latter  combines  with  the  alcohol  to  a  crystalline  compound.  This  is  removed,  freed 
from  acetone  by  distillation,  and  afterward  decomposed  by  distilling  with  water.'  Pure 
aqueous  methyl  alcohol  passes  over ;  this  is  dehydrated  with  lime  or  potashes.  To  pro¬ 
cure  it  perfectly  pure  it  is  only  necessary  to  break  up  oxalic  methyl  ester,  the  high- 
boiling  methyl  benzoate,  or  methyl  acetic  ester,  with  caustic  potash. 

To  detect  ethyl  in  methyl  alcohol,  heat  the  latter  with  concentrated  sulphuric  acid 
when  acetylene  will  be  formed  from  the  first.  Under  this  treatment  methyl  alcohol 
becomes  methyl  ether.  The  amount  of  methyl  alcohol  in  wood  spirit  is  determined 
quantitatively,  by  converting  it  into  methyl  iodide,  CHSI,  through  the  agency  of  Pi’ 

(B.  9,  1928).  We  estimate  the  quantity  of  acetone  by  the  iodoform  reaction  IB3 
13,  1000).  '  • 


Uses. — Wood  spirit  is  employed  as  a  source  of  heat.  It  is  also  used 
in  making  varnishes,  dimethylaniline,  and  for  the  methylation  of  many 
carbon  derivatives,  particularly  the  dye-stuffs.  It  is  a  good  solvent  for 
many  compounds  of  carbon. 

Chemical  Properties .— (1)  It  combines  directly  with  CaCl2,  to  form 
CaCl, .  4CH40,  crystallizing  in  brilliant  six-sided  plates.  Barium  oxide 
dissolves  in  methyl  alcohol,  forming  the  crystalline  body  BaO  .  2CH40. 
The  alcohol  in  this  salt  conducts  itself  like  water  of  crystallization. 

(2)  Potassium  and  sodium  dissolve  in  anhydrous  alcohol,  to  form 
methylates,  e.g.,  CH3OK  and  CHS.  ONa. 

(3)  Oxidizing  agents  and  also  air,  in  presence  of  platinum  black, 

c  ange  methy  l  alcohol  to  formic  aldehyde,  formic  acid,  and  carbonic 
acid. 

(4)  Chlorine  and  bromine  do  not  act  so  readily  upon  methyl  as 
upon  ethyl  alcohol.  Chlorine  attacks  aqueous  methyl  alcohol  quite 
easily  (B.  28,  R.  771).  Dichlormethyl  ether,  (C1CH2)20,  is  first  pro- 

(B26’  268)^  C°nVertS  n  into  formaldehyde  and  hydrochloric  acid 

(5)  When  methyl  alcohol  is  heated  with  soda-lime,  sodium  formate 
results : 

CH, .  OH  -f  NaOH  =  CHO .  ONa  +  2H2. 


(6)  When  the  alcohol  is  distilled  over  zinc  dust,  it  breaks  down  into 
carbon  monoxide  and  water. 

2.  Ethyl  Alcohol,  Spirits  of  Wine  \Ethanol\  C2H5 .  OH.— In 
consequence  of  its  formation  in  the  spirituous  fermentation  of  sac¬ 
charine  plant  juices,  alcohol,  in  impure  state,  was  known  to  the 
ancients.  t  was,  however,  only  in  the  preceding  century  that  the 
knowledge  of  how  it  might  be  obtained  in  an  anhydrous  condition 
was  acquired.  In  1808  Saussure  determined  its  constitution. 


tocher  w KW  alC(°ho1  stId0m  °.ccurs  in  the  vegetable  kingdom.  It  is  found, 
cleum  sfinndvli  '  rl  ^ra  e,’ ln  1  le  unr'Pe  seeds  of  Heracleum  giganteum  and  Hera- 

o  b'  J&  llTZd  “  *'S°  presen‘  in  U,e  °f  d'«betic  patients,  and  in  that 
ot  healthy  men  after  excessive  consumption  of  alcoholic  beverages. 


Formation.  It  may  be  obtained  by  the  general  methods  previously 
descnbed  for  primary  alcohols :  (i)  From  ethyl  chloride ;  (2)  from 
ethyl  sulphate;  (3)  from  ethylene  chlorhydrin;  (4)  from  ethylamine; 
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(5)  from  aldehyde;  and  (6)  from  acetyl  chloride.  The  synthesis  of 
ethyl  alcohol  is,  therefore,  possible  in  two  ways.  The  first  three 
methods  show  that  it  is  genetically  connected  with  acetylene,  ethylene, 
and  ethane,  while  the  last  two  methods  indicate  its  relation  to  acety¬ 
lene  and  acetic  acid  (p.  1 1 2) : 


C  +  2S 

Starting  with  acetylene,  the  most  direct  coarse  to  ethyl  alcohol  woald  be  through 
acetaldehyde.  Water  converts  it  into  the  latter  (p.  96;,  and  nascent  hydrogen  then 
reduces  the  aldehyde  to  alcohol.  __  ......  .  , 

If  the  acetylene  be  changed  to  ethylene,  then  various  possibilities  arise  for  t 
formation  of  ethyl  alcohol :  (i)  Ethylene  and  hydrogen  unite  to  form  ethane,  which 
chlorine  changes  to  ethyl  chloride,  yielding  alcohol  when  heated  with  water.  (2) 
160°  ethylene  unites  with  sulphuric  acid,  forming  ethyl  sulphnnc  acid,  which  boiling 
water  changes  to  ethyl  alcohol  and  sulphuric  acid.  (3)  Ethylene  and  hypoc  .orous 
acid  yield  ethylene  cblorhydrin,  which  may  be  reduced  to  ethyl  alcohol.  ,  , 

A  nucleus  synthesis  of  ethyl  alcohol  from  methyl  alcohol  a  P“f “ 
acetaldehyde.  Methyl  alcohol  can  be  synthesized  from  carbon  disulphide  fp.  ii7> 
Phosphorus  iodide  converts  the  methyl  alcohol  into  methyl  iodide,  a  ’  . 

of  potassium  cyanide,  is  changed  into  methyl  cyanide.  Boiling  alkali  transform- th 
latter  into  an  alkaline  acetate,  which  phosphorus  oxychloride  conv  • 

chloride.  The  latter,  by  reduction,  yields  ethyl  alcohol,  with  ^nm^rtale  tv 
intermediate  product.  Acetaldehyde  may  also  be  prepared  from  calcium  acetate  J 

heating  it  with  calcium  formate. 

Preparation.—  Ethyl  alcohol  is  prepared  on  a  technical I  scale  a!«ra>t 
exclusively  by  what  is  termed  the  “spirituous  fermentation  oi  sac- 
chari ne  juices. 

Cagniard  Latour,  in  1836,  and  later  Schwann,  chim. 

was  due  to  yeast  germs — an  organized  ferment  (A.  29,  ’  3  ’  ^  carton 

phys.  [3],  53,  323).  [T^  broke  down  the  various  sugars  into  alcohol  ano  caroon 
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dioxide.  Yeast  consists  of  microscopic  cells  (about  o.oi  mm.  in  size) :  saccharomyces 
cerevisuz  seu  vini. 

Conditions  of  Alcoholic  Fermentation.— The  yeast  germs  increase  by 
budding.  This  takes  place  in  dilute,  warm  (5-300)  sugar  solutions. 
It  is  most  rapid  at  20-30°  C.  The  growth  requires  salts,  especially 
phosphates,  and  albuminous  substances.  Oxygen  is  requisite  at  the 
commencement  (B.  29,  1983),  but  the  fermentation  proceeds  after¬ 
ward  without  air  access.  If  the  quantity  of  alcohol  in  a  fermenting 
liquid  reaches  a  certain  amount,  the  fermentation  ceases.  The  yeast 
germs  can  not  grow  in  liquids  containing  14  per  cent,  of  alcohol. 
They  are  also  destroyed  by  a  temperature  of  6o°,  and  by  small  quan¬ 
tities  of  phenol,  salicylic  acid,  corrosive  sublimate,  and  other  disin¬ 
fectants. 

The  sugars  occurring  in  ripening  fruits — grapes,  apples,  cherries — 
and  in  cane  and  beet  sugars,  as  well  as  in  many  other  plants,  are  the 
carbohydrates ,  which  contain  hydrogen  and  oxygen  together  with 
carbon  in  the  same  proportion  in  which  the  first  two  elements  are 
present  in  water.  The  carbohydrates  will  be  discussed  immediately 
after  the  hexahydric  alcohols  :  C6H8(OH)6 — mannitol ,  dulcitol ,  sor¬ 
bitol,  etc.,  whose  first  oxidation  products  are  the  simple  carbohydrates, 
C6H1206.  However,  so  much  relating  to  the  carbohydrates  will  be 
given  at  this  time  as  appears  necessary  to  understand  alcoholic  fer¬ 
mentation. 

The  carbohydrates  may  be  arranged  into  three  principal  classes : 

1.  Glucoses  or  Monoses,  C6H1206:  grape  sugar,  fruit  sugar,  etc. 

2.  Saccharobioses,  C12H22On  :  malt  sugar,  cane  sugar,  milk  sugar, 
etc. 

3.  Polysaccharides,  (C6H10O5)  x  :  starch,  dextrine,  etc. 

The  carbohydrates  of  the  second  and  third  classes  bear  the  relation 
of  anhydrides  to  the  sugars  of  the  first  group. 

The  simple  sugars  of  the  formula  C6H1206  are  capable  of  direct 
alcoholic  fermentation.  This  is  particularly  true  of  grape  and  fruit 
sugar,  as  well  as  of  malt  sugar  among  the  saccharobioses.  Technic 
ally,  it  is  of  the  greatest  importance  that  the  not  directly  fermentable 
saccharobioses  and  the  polysaccharides  can  be  converted  by  water 
absorption  into  directly  fermentable  sugars,  and  these  then  be  fer¬ 
mented. 

Unorganized  Ferments  or  Enzymes. — The  breaking-down  of  saccharo¬ 
bioses  and  polysaccharides  by  water  absorption  (by  hydrolysis)  is 
induced  by  enzymes — albuminoid-like  compounds.  The  most  im¬ 
portant  of  this  class  are  invertin  and  diastase. 

Invertin  is  produced  in  the  yeast  germ.  It  is  soluble  in  water  and 
has  acquired  its  name  from  the  fact  that  it  is  capable  of  converting 
cane  sugar  into  equimolecular  quantities  of  grape  sugar  and  fruit  sugar 
— so  called  invert  sugar.  At  the  same  time  the  rotatory  power  of  the 
liquid  is  reversed — it  is  inverted.  Cane  sugar  is  dextro-rotatory. 
This  is  also  true  of  grape  sugar,  whereas  fruit  sugar  deviates  the  plane 
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of  polarized  light  more  strongly  toward  the  left,  than  an  equivalent 
quantity  of  grape  sugar  turns  it  to  the  right.  Consequently,  inver¬ 
sion  changes  a  dextro-rotatory  cane-sugar  solution  into  a  laevo-rotatory 
solution  of  invert  sugar  : 


h2o 

Cane  Sugar,  mverun 
dextro-rotatory. 


C6IIiA  —  Grape  Sugar,  dextro-rotatory 


_ s*.  C6I11206  —  Fruit  Sugar,  laevo-rotatory 


Invert 

Sugar, 

laevo- 

rotatory. 


Diastase  is  an  unorganized  ferment,  produced  in  the  germination 
of  barley  and  other  grains.  The  germination  of  the  so-called  green 
malt  is  interrupted  by  killing  the  germ  by  rapid  drying.  The  malt  is 
then  subjected  to  kiln-drying,  a  temperature  which  will  not  influence 
the  activity  of  the  diastase.  At  50°  to  6o°  the  diastase  in  malt  can 
hydrolyze  the  starch.  Two-thirds  of  the  latter  are  changed  to  malt 
sugar ,  which  can  be  directly  fermented  by  yeast.  One-third  of  the 
starch  becomes  dextrine.  This  is  converted  much  more  slowly  by  the 

diastase  into  grape  sugar.  ,.  Tf. 

Malt  sugar,  like  grape  sugar,  belongs  to  the  saccharobio.  . 
absorbs  water  and  is  resolved  into  grape  sugar.  Milk  sugar,  also  a 
saccharobiose,  absorbs  water  and  passes  into  a  mixture  of  efluin]° 
lar  quantities  of  galactose  and  grape  sugar.  A  review  of  these  h> 
lytic  relations  is  shown  in  the  following  diagram  . 


Glucoses,  Monoses 

c«h12o6 


Grape  Sugar  i* 
Grape  Sugari- 
Grape  Sugar  i- 
Fruit  Sugar  i- 
Grape  Sugar  i* 
Galactose  i 
Grape  Sugar  i- 


Carbohydrates. 


Saccharobioses 

C12H22OH 


Polysaccharides 

(C,H,o05)  x 


Malt  Sugar  i* 


Cane  Sugar 


Milk  Sugar 


Starch 


Dextrine 


The  hydrolysis  of  the  saccharobioses  and  ,star^js  treatment 
brought  about  by  warm,  dilute  sulphuric  a  •  echnjcai  opera- 
changes  the  starch  to  grape  sugar  and  dex  n  compounds  for 

tions  the  preparation  of  saccharine  juices  clusively  by  the 

the  purpose  of  fermentation  is  executed  almost  exclusively  y 

diastase  of  malt. 
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Pasteur  considers  that  from  94  to  95  per  cent,  of  sugar  changes  to 
aleok»l  and  airborne  arid  according  to  the  equation : 


C,HwO,  aC,llaO  +  aaV 


Fusel  ril,  some  glycerol (a-5  per  cent.)  and  sucritrie  arid  (0.6  per  cent.) 
are  formed  simultaneously,  although  the  latter  two  appear  generally 
toward  the  end  of  the  fermentation  (B.  27,  R.  671).  The  fusel 
oil  contains  n  propyl  alcohol,  isopropyl  alcohol,  isobutyl  alcohol 
(Oilmen .  011,011,  and  especially  amyl  alcohol  of  fermentation — a  mix¬ 
ture  of  isobutyl  carbinol,  .  C1I,.  Cl  1,011. and  optically  active 

methyl-ethyl-earbin-carbinol,  CH,.OH  (p.  12S). 

Not  only  the  varieties  of  saccharomycesi  but  also  other  budding  fungi,  e* 

induce  alcoholic  fermentation*  The  various  secondary  fermentations 
occasioned  by  ukiaomuttes  an'  remarkable.  It  appears  that  the  fusel  oil  is  produced 
by  them  in  ordinary  yeast  fermentations*  Alcoholic  fermentation  occurs  without  the 
agency  of  organisms  in  unimpaired  rij>e  fruits  (grapes  and  cherries),  when  these  are 
exposed  for  a  period  in  an  atmosphere  of  carbon  dioxide. 

BwtmgtSy — The  material  used  in  the  preparation  of  alcoholic  liquids 
bv  means  of  fermentation  are : 

1*  Sm*rk*riHt  juices, 

•*'  seeds  of  grain  and  potatoes,  The  fermented 

hquids  are  directly  consumed  (mnt%  <W)  or  they  are  first  distilled  in  onler  to  pro* 
diue  the  various  kinds  ot  tr* iw.ir,  the  alcohol  content  of  which  may  exceed  50  per 


bv  the  fermentation  of  saccharine  juices  we  obtain  : 


(*)  subsequent  distillation  : 

From  grancs :  wine* 

%%  apples:  cider, 

St*  John's  berries :  wine, etc. 


T 

>1< 


(£)  triM  subsequent  distillation : 


From  wine :  cognac, 

%i  molasses:  rum* 

<%  cherries:  cherry  water* 

%%  prunes:  sliwowitx  (Kohe- 


mia),  etc. 


(")  wVM.w  suksevpient  distillation  : 
Barley ;  l*eer, 

N\  heat :  weissbeer  (Berlin). 


(A)  m/i  sulrsequent  distillation  : 


Barley  and  rve,  wheat  or  oats,  and 
mai.  e;  com  whiskey  of  various 
kinds. 


Rice :  arrac  ( l\ast  India). 
Potatoes :  potato  spirit. 


logte,  14.  Aufl.,  iSojt,  S,  94S. 
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Manufacture  of  Pure,  Absolute  Alcohol. — To  farther  purify  the  crude  spirit  it  t 
fractionated  on  a  large  scale  in  the  column  apparatus  of  Savalle,  Pistorius,  Ilges.* 
'Hie  first  portions,  more  readily  volatile,  contain  aldehyde,  acetal,  and  other  su->- 
siances.  A  purer  spirit  (containing  95-96  per  cent,  of  alcohol)  follows,  and  in  com¬ 
merce  is  known  as  sprit.  Finally  come  the  tailing-.,  in  which  are  the  fusel  oils.  To 
remove  the  latter,  the  spirit  is  diluted  with  water  and  filtered  through  ignited  wood- 
charcoal,  which  retains  the  fusel  oils,  and  is  then  distilled. 

To  prepare  anhydrous  alcohol,  the  rectified  spirit  (90-95  per  cent,  alcohol)  is  dis¬ 
tilled  with  ignited  potashes,  anhydrous  copper  sulphate,  caustic  lime  (A.  160,  249), 
or  barium  oxide. 

Detection  of  Water  in  Alcohol.  —  Absolute  alcohol  dissolves  barium  oxide, assuming 
a  yellow  color  at  the  same  time.  It  is  soluble  without  turbidity  in  a  little  benzene; 
when  more  than  three  per  cent,  water  is  present  cloudiness  ensues.  On  adding 
anhydrous  or  absolute  alcohol  to  a  mixture  of  very  little  anthracjuinone  and  some 
sodium  amalgam  it  becomes  dark  green  in  color,  but  in  the  presence  of  traces  of 

water  a  red  coloration  appears  (B.  10,  927).  ...  -  , 

Detection  of  Alcohol.— Traces  of  alcohol  in  solutions  are  detected  and  determined 
either  by  oxidation  to  aldehyde  (see  this)  or  by  converting  it  by  means  of  dilute  pot¬ 
ash  and  iodine  into  iodoform  (B.  13,  1002).  .....  , 

Its  conversion  into  ethyl  benzoate,  by  shaking  with  benzoyl  chlondeand  sodium 
hydroxide  (B.  19,  3218;  ax,  2744)  also  answers  for  this  purpose. 

Properties.  — Absolutely  pure  alcohol  is  a  mobile,  colorless  liquid 
with  an  agreeable  ethereal  odor,  boils  at  78,3°  (760  mm.),  and  has  a 
specific  gravity  of  0.80625  at  o°,  or  0.78945  at  20  .  At  9^  it  a 
thick  liquid,  at— 130°  it  solidifies  to  a  white  mass.  It  burns  with  a 
non-luminous  flame  and  absorbs  water  energetica  >  rom,  •  c 
When  mixed  with  water  a  contraction  occurs,  accompanied  by  rise  o 
temperature  ;  the  maximum  is  reached  when  one  molecule  of  alcohol 
is  mixed  with  three  molecules  of  water,  correspon  ing  •  • 

C,H«0  -1-  iH,0.  The  amount  of  alcohol  in  aqueous  solutions  ls  gi 
either  in  per  cents,  by  weight  (degrees  according  to  Ric 
ume  per  cents,  (degrees  according  to  Tralles).  ™a. ■  ^  . 

by  an  alcoholometer,  the  scale  of  which  gives  directly  the  pe  •  X 

weight  or  volume  for  a  definite  temperature  (15  .  .  nr  the 

tension  is  ascertained  by  means  of  the  vaponmeter  of  Geissler,  or  the 

boiling  point  is  determined  with  the  eb“lho.uo?e-.  .i<5tUled  off  and 
The  alcohol  content  of  spirituous  drinks  is  first  distilled  oil  ana 

theAI<S;Mv«  many  mineral  sails  .he  alkalies,  hydrins 
resins,  fatly  acids,  and  almost  all  .he  carbon  of 

the  gases  are  more  readily  soluble  in  it  than  >  _Cn  and  16 

alcohol  dissolve  7  volumes  of  hydrogen,  25  vo 

V°EthW  lotolTms  crystalline  compounds  with  some  salts,  like  cal- 


*  F,rd.  Fischer:  Hdb,  d.  them.  Technologie,  .4.  ,^k^Sn9Ch.m...ecb. 

tPo«!ChemiKh-tMhniKbe  AndTC,BraunKhwei*^  m(.nsd;|ichen  Nah. 

ElmL  Die  Pr&  d.  Cbeariker,  W  Un.ersucbung 

von  Nahrurigsmitteln,  etc.,  I&93* 
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cium  chloride  and  magnesium  chloride.  It  plays  the  role  of  water 
of  crystallization  in  them. 

Transpositions. — Potassium  and  sodium  dissolve  in  it,  yielding  the 
alcoholates. 

With  sulphuric  acid  it  yields  ethyl  sulphuric  acid,  and  with  sulphuric 
anhydride,  carbyl  sulphate  (p.  91).  Phosphorus  bromide  and  iodide 
change  it  into  ethyl  bromide  and  ethyl  iodide.  Being  a  primary  alco¬ 
hol,  such  oxidants  as  manganese  peroxide  and  sulphuric  acid,  chromic 
acid,  platinum  black,  and  air  change  it  to  acetaldehyde  and  acetic 
acid  (p.  1 1 1),  Chlorine  and  bromine  oxidize  alcohol  to  acetaldehyde, 
which  unites  to  acetal  with  the  alcohol.  Chloral-  and  bromal-alcohol- 
ates  are  derived  from  acetal.  Bleaching  lime  changes  alcohol  to  chlo¬ 
roform,  and  iodine  and  caustic  potash  convert  it  into  iodoform.  Nitric 
acid,  free  from  nitrous  acid,  changes  alcohol  into  ethyl  nitrate  (see 
this).  Under  certain  conditions  alcohol  can  be  so  oxidized  by  nitric 
acid  that,  besides  attacking  the  CH2 .  OH  group,  the  methyl-group 
may  be  changed  with  the  resulting  formation  of  glyoxal,  glycollic 
acid,  glyoxalic  acid,  and  oxalic  acid  : 


CH2.OH 


in, 


Ethyl  Alcohol. 


CHO 

n„0 

Glyoxal. 


COjH 

<^H2OH 


co2h 

-M  - 

CHO 


C02H 


co2h 


Glycollic  Acid.  Glyoxalic  Acid.  Oxalic  Acid. 


Fulminating  mercury  (see  this)  is  produced  when  alcohol  acts  upon  mercury  and  an 
excess  of  nitric  acid. 

Alcoholates  - — Sodium  ethylate  is  the  most  important  alcoholate,  as  it  has  been  ap¬ 
plied  in  a  series  of  nucleus-synthetic  reactions.  It  affords  a  means  of  splitting  off 
water  and  alcohol.  It  may  be  made  by  dissolving  sodium  in  alcohol,  then  heating  it 
to  200°  C.  in  an  atmosphere  of  hydrogen  to  free  it  from  alcohol.  It  is  a  white,  volu¬ 
minous  ponder  (A.  202,294;  B.  22,  1010).  Or  a  calculated  quantity  of  metallic 
sodium  is  added  to  toluene  or  xylene  containing  alcohol,  and  the  whole  heated  with 
a  return  cooler  until  the  sodium  has  entirely  disappeared  (B.  24,  649).  An  excess 
of  water  changes  the  alcoholates  to  alcohol  and  sodium  hydroxide.  The  transposi¬ 
tion  is  \ery  slight  with  a  small  amount  of  water.  Hence  the  alcoholates  result  on  dis- 
so  wng  KOH  and  NaOH  in  strong  alcohol.  Sodium  peroxide  converts  alcohol  into 
sodium  alcoholate  and  natryl  hydroxide,  NaO  .  OH  (B.  27,  2299). 

C  dictum  Ethylate^  Ca(OC2H5)2,  is  formed  by  the  decomposition  of  calcium  carbide 
by  alcohol  (B.  28,  R.  61).  r 

Aluminium  Ethylate ,  Al(OC2H5)3,  is  rather  interesting,  in  that  it  volatilizes  with¬ 
out  decomposition  under  much  reduced  pressure. 

Substituted  Ethyl  Alcohols  : 

l  •  rS2nS  S!3??1  C^lo1rhydrin  (Bromhydrin,  Iodhydrin). 

2'  rr\U Dichlorethyl  Alcohol,  liquid  with  B.  P  146°  (B.  20,  R.  363^ 

3'  rH'vnniAu  Trichlorethyl  Alcohol, melts  at  i8°;  boils  at  1510  (A.  210, 63). 
4.  CH2NO, .  CIIjOH  Njtroethyl  Alcohol.  v 

5-  CH2.  NHs.  CH..OH  Oxethylamine,  1 
6.  CHj.  CH(NH2)OH  Aldehyde  Ammonia,  }  Amid<>ethyl  Alcohols. 

The  compounds  I,  2,  and  5  will  be  taken  up  together  with  ethvlene  glvcol,  and  6 
with  acetaldehyde.  Di-  and  trichlorethyl  alcohols  have  been  prepared  by  the  interaction 
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of  zinc  ethide  and  di-  and  trichloracetaldehyde  (p.  114),  while  trichlorethyl  alcohol 
is  formed  from  urochloralic  acid  (see  this).  The  connection  between  the  chlorinated 
ethyl  alcohols  and  their  oxygen  compounds,  whose  chlorides  they  may  be  assumed  to 
be,  is  seen  in  the  following  tabulation  : 

Monochlorethyl  Alcohol,  CH2C1.  CH2OH,  corresponds  to  CH2 .  OH  .  CH2OH — Glycol. 
Dichlorethyl  Alcohol,  CHC12.CH20H,  corresponds  to  CHO.CH2OH — Glycolyl 
Aldehyde. 

Trichlorethyl  Alcohol, CC13 .  CH2OH, corresponds  to  COOH  .  CH2OH-Glycollic  Acid. 


3.  Propyl  Alcohols  \Propanols\>  C3H7 .  OH. — As  explained  in 
the  introduction  to  the  monohydric  alcohols,  two  isomeric  propyl 
alcohols  are  theoretically  possible:  normal  propyl  alcohol  and  second¬ 
ary  isopropyl  alcohol.  Their  constitution  is  evident  from  their 
methods  of  formation  and  their  transpositions  (p.  1 15). 

Normal  propyl  alcohol ,  CHS .  CH2 .  CH2 .  OH,  boils  at  97. 40;  sp. 
gr.,  0.8044  at  200. 

Isopropyl  alcohol ,  CH3.CH(OH) — CH3,  boils  at  82.7°;  sp.  gr., 
0.7887  at  200. 

Normal  Propyl  Alcohol  may  be  obtained  from  fusel  oil  (Chan¬ 
cel,  1853)  by  fractional  distillation.  It  is  an  agreeable-smelling  liquid. 
It  is  miscible  in  every  proportion  with  water,  but  is  insoluble  in  a 
saturated,  cold  calcium  chloride  solution,  and  this  distinguishes  it 
from  ethyl  alcohol.  It  may  be  artificially  prepared  from  propyl  alde¬ 
hyde  and  by  action  of  nascent  hydrogen. 


It  passes  into  propionic  aldehyde  and  propionic  acid,  under  the  in  uence  o  0x1 
dizing  agents.  When  heated  with  H2SOt  it  yields  propylene,  which  hy  r°g^n  11  e 
changes  to  isopropyl  iodide.  From  this  isopropyl  alcohol  may  be  prepare  IP-  *  5 
The  latter  alcohol  can  also  be  derived  by  reduction  from  acetone,  its  oxidation 
product. 


Secondary  or  Isopropyl  Alcohol,  dimethyl  carbinol,  was  pre 

pared  in  1855  by  Berthelot  from  propylene  and  sulphuric  acid  (p.  1 13  ■> 
and  in  1862  by  Friedel,  from  acetone.  Kolbe  (Z.  Ch.,  1862,  687) 
recognized  in  isopropyl  alcohol  the  first  representative  ol  the  c  a»s  o 
secondary  alcohols  predicted  by  him  (p.  no). 


It  may  be  obtained  from  propylene  oxide,  3  ^  re<^uct*on’ an<^  *r 

formic  ester  by  the  aid  of  zinc  and  methyl  iodide.  Its  formation  from  nor™a.^ 
amine  by  the  action  of  nitrous  acid  is  rather  interesting.  Primary  pr  py 
and  propylene  are  produced  at  the  same  time.  .  .  ,  .  ,rts  0r 

The  most  practical  method  of  obtaining  it  is  to  boil  the  10  1  e  return  con- 

water  and  freshly  prepared  lead  hydroxide  in  a  vessel  connec  e<  0 

denser,  or  simply  by  heating  the  iodide  with  twenty  volumes  o  wa  tetra- 

186,  39i).  Oxidation  changes  it  to  acetone,  while  chlorine  converts  it  into  tetra 

chloracetone  (see  this). 

Trichlorisopropyl  Alcohol,  ^*>CH  .  OH,  is  produced  in  the  action  of /me 
methyl  on  chloral  (p.  115).  It  is  crystalline,  fuses  at  490,  and  boils  ai out  15.1 

2I04;7Butyl  Alcohols,  C4H9 .  OH.-According  to  theory  four  isomerides  are 
possible  :  2  primary,  1  secondary,  and  1  tertiary  (p.  *°9)  • 
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Name. 

1 

Formula. 

M.  P. 

B.  P. 

Sp.  Gr. 

1.  Normal  Butyl  Alcohol, 

2.  Isobutyl  Alcohol,  .  . 

3.  Secondary  Butyl  Alco¬ 

hol,  . 

4.  Tertiary  Butyl  Alcohol, 

CHs(CH2)2CH2OH 
(CHj)2  ch.ch2oh 

ch»'3>ch.oh 

(CH3)3C.OH 

Liquid 

<< 

( i 

250 

II6.80 
108. 4° 

99° 

83° 

0.8099  at  20° 
0. 8020  at  200 

0.827  at  o° 

0.7788  at  30° 

->■  I 


Normal  Butyl  Acohol,  normal  propyl  carbinol  [i-Butanol],  forms  in  the  action 
of  sodium  amalgam  upon  normal  butyl  aldehyde  (Method,  4a,  p.  113).  It  is  further 
produced  by  a  peculiar  fermentation  of  glycerol,  brought  about  in  the  presence  of 
a  schizomycetes  (B.  16,  1438;  29,  R.  72). 

Trichlorbutyl  Alcohol,  CH8 .  CHC1 .  CC12 .  Cl  I2 .  OH,  results  when  zinc  ethyl 
and  butyl  chloral  (p.  1 14)  are  brought  together,  and  is  also  obtained  from  urobutyl- 
chloialic  acid.  It  fuses  at  62°,  and  boils  under  45  mm.  pressure  at  120°  (A.  213, 

Methyl-ethyl  Carbinol,  secondary  butyl  alcohol, ,  butylene  hydrate  f2-Buta- 
nol],  is  a  strongly-smelling  liquid.  It  is  obtained  from  normal  butyl  alcohol  by  its 
transposition  into  butylene,— with  the  splitting-off  of  water,— the  addition  of  hydro¬ 
gen  iodide,  and  finally  the  saponification  of  the  iodide  (p.  115).  The  same  iodide 
is  formed  on  heating  erythrite  with  hydriodic  acid.  Heated  to  240°-2qo°,  it  decomposes 
into  water  and  /3-butylene,  CHS .  CH  :  CH  .  CHS.  °  1 

1  TihCi  genetIC  relations  existing  between  the  normal  primary  and  secondary  butyl 
alcohols,  as  well  as  between  a  butylene  and  ,3-butylene,  are  shown  in  the  following 
arrangement :  “ 

CH2OH 

<Lh2 
<!:h2 
ch3 

Isobutyl  Alcohol,  isopropyl  carbinol,  butyl  alcohol  of  fermen- 
ta/ion  [methyl  2-propanol- 1],  occurs  in  several  fusel  oils  and  espe- 
cia  y  m  tie  spirit  from  potatoes.  It  is  a  liquid  possessing  a  fusel-oil 
odor.  It  may  be  readily  changed  to  isobutylene  (CH.uC  =  CH„ 
rom  \\  Mc  i,  y  the  addition  of  halogen  hydrides,  derivatives  of  ter¬ 
nary  u  y  a  cohol  are  obtained  (p.  94).  For  the  action  of  chlorine 
upon  isobutyl  alcohol  see  B.  27,  R.  507  ;  29,  R.  992. 

bvT/u™rowy/i£TwA0l;ir^TK  bU!ll  aUoh°l  CD»methyl  Ethanol],  was  prepared 
(p  1 14)  ^  '  ^4i  y  * ,e  act'°n  of  acetyl  chloride  upon  zinc  methyl 

The  oxlllatfon  e^enta1' ve  of  the  class  of  tertiary  alcohols  predicted  by  Kolbe. 

the  oxidation  of  tertiary  butyl  alcohol  yields  isobutyric  acid  iCH  )  Cl  I  CO  H 

corresponding  to  isobuty  alcohol.  This  deportment  may  be  explained  by  the 

intermediate  formation  of  isobutylene  fCII  1  C  rn  „  expiainea  oy  uie 

*bT*,7'  in,° 

73).  1  he  isobutylene,  resulting  from  isobutyl  alcohol  and  tertiary  butyl  alcohol  by 

the  withdrawal  of  water  can  by  the  addition  of  ClOH  and  reduction  of  the  resulting 
ch  orhydnn,  be  changed  to  isobutyl  alcohol,  and  by  absorption  of  HI  y  eld  ter  ary 
butyl  iodide,  which  m  turn  may  be  transformed  into  tertiary  butyl  alcohol  (p  1 15) 


ch2 

II 

CH. 

1  s 

CH. 

1  3 

ch3 

II 

CH 

| 

CHI 

— ^  I  _ 

CHOH 

v  1 

in 

1  11 

ch2 

ch2 

CH 

CHj 

CH, 

1 

CHS 

1 

CII3 
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acids  The  ASffJJ y}  ,  ,h?-  !  treated  w,th  sulphuric  acid,  yields  two  amyl  sulphuric 
ankh  m  H  d  J  1  solubilities  and  crystalline  forms  of  their  barium  salts  dis^n 
g  h  them  l*rom  the  more  sparingly  soluble  salt,  which  forms  in  rather  W 
IS,°b.Uty.1  carbl"01  (Pasteur)  may  be  obtained.  A  more  complete  separation 

wil  riib°h0?/rreaChied  by  COnductir'g  IICI  into  mixture.  Isobutyl  S  o 
1'hA  fi  f henfied  .5^’  the  actlve  amyl  alcohol  remaining  (Le  Bel)  (A  '220  mqi 

vllo 


(3)  Active  Amyl  Alcohol, 


* 


/CH.  CH, 


CH/  Z-  OH,  secondary  butyl  carbinol, 

°f  tbe5two  active  modifications,  the  Isevo-rotatory  form 
nOanS  °bta.?ed  Pure> 1S  t.he  optically  active  constituent  of  the  fermentation  alcohol  Its 

^^faW7taW  eqUaU  a!’?Ut  ' 3  P"  “"‘I  U.  ro.a,„ry  power  L 
L  J  f—  Sf  •  Us  derivatives— e.  g.,  its  chloride,  bromide,  iodide,  and  methyl-ethvi 

(Bet,28,.  R  4i(o;e2;:15e9)C  aU  °ptica,ly  aCtive  a"d  indeed 

-i^Ctl\e  amyl  alcohol  becomes  inactive  on  boiling  with  NaOH  fLe  Bel)  A  mucor 
will  render  it  again  active,  but  dextro-rotatory  (B.  15,  ic06)  >  j' 

cwiride  SS ‘yl  9arbjao1'  (CH,),.  C.CH,  .  OH,  ii'form,d  on  reducing  ,he 
It  melts  at  aS^coo  Y m  '*  acid.°r  PIvahc  acid  (B.  24,  R.  557)  with  sodium  amalgam. 

rearrangement  of  ntn  f^ltfous  ac,d  converts  its  amine,  in  consequence  of  a  remarkable 
rearrangement  of  atoms,  into  dimethyl-ethyl  carbinol  (B.  24.  2161). 

ethyl  iodittetinnn  ‘  ^H, 's  formed  by  the  action  of  zinc  and 

ethyl  od.de  upon  ethyl  formate.  Since  /J-isoamylene,  C,H5 .  CH  :  CH  .  CH3,  yields 

obtained2  we  ran  in  8  W*  ^r°m  methyl  normal  propyl  carbinol  is 

obtained, we  can  in  this  manner  convert  the  diethyl  carbinol  into  the  latter  alcohol: 


CH, 
<!„. 


CH, 

Jh. 


CH.  OH 

A 


^2^5 


Ahi 

c,h5 


CH, 

Ah 

T 

C,  H. 


CH. 


(!hi 

'"Ah, 

in. 


CH, 

I 

CH .  OH 

"Ah, 

A,hc 


lene. 


0-IsoamyFe 

and  methyl*  iTnnvnnJlT^t'  *  carb‘n°ls  are  obtained  from  methyl  normal  propyl  ketone 

&  OH  CH  b 

by  !The^dextro  rotatory  inodi- 

it  dest«>yed»  and  the  laevo-rotatory  form  remains, 
entlv  with tfhe  Carbin?1>  (CH3)#.  CH  .  CH(OH) .  CH3,  yields,  appar- 

hydrides  and  also  pArth^deriSrof0’ ^  hal°gen 
CH, 


CH(OH) 

in 


A 

ch3  ch3 


CH, 

/iH\ 

^  ) 

A 

ch3  ch3 


CH, 

Ah, 

-Ac, 

A 

ch3  ch3 


CH3 

CH, 

->1 
COH 

A 

ch3  ch3 


/p{]  ch^ph^ph  °/  methyl  isopropyl  carbinol  are  obtained  from  a-isoamylene, 
peratures  or  when  warmed!  ^  °f  hal<*en  hydrides  at  °rdinary 
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(8)  Tertiary  Amyl  Alcohol,  ^(Hj5}2  j  C .  OH,  dimethyl  ethyl  car binol,  am y- 

lene  hydrate,  is  a  liquid  with  an  odor  like  that  of  camphor.  It  produces  sleep,  the 
same  as  chloral  hydrate,  and  is,  therefore,  made  on  a  technical  scale.  Since  ordinary 
amylene  consists  chiefly  of  /3-isoamylene  (p.  94),  tertiary  amyl  alcohol  is  most  prac¬ 
tically  prepared  from  the  first  by  shaking  it  at  — 20°  with  sulphuric  acid  diluted  with 
yz- 1  volume  of  water  and  boiling  the  solution  with  water  (A.  190,  345). 

It  is  further  formed  by  the  action  of  nitrous  acid  on  the  amine  of  tertiary  butyl  car- 
binol  (B.  24,  2519),  and  from  propionyl  chloride  and  zinc  methide.  At  200°  it  decom¬ 
poses  into  water  and  /3-isoamylene. 


HIGHER  HOMOLOGUES  OF  THE  LIMIT-ALCOHOLS,  CdHzii  +  I.OH. 

There  are  many  representatives  of  the  higher  homologues  of  the 
alcohols  of  this  series.  Fourteen  of  the  seventeen  theoretically  possible 
hexyl  alcohols  and  thirteen  of  the  thirty-eight  theoretically  possible 
heptyl  alcohols  have  been  prepared.  The  higher  we  ascend  i  n  the  series, 
the  larger  the  number  of  theoretically  possible  members  and  the  smaller 
the  number  of  those  alcohols  which  are  actually  known.  Only  a  few 
of  them  are  noteworthy  either  from  a  point  of  formation,  structure, 
or  occurrence  in  the  animal  or  vegetable  kingdoms.  In  the  following 
arrangement  will  be  found  chiefly  the  names,  formulas,  melting  points, 
and  boiling  points  of  normal  alcohols : 


Name. 

Formula. 

M.  P. 

Be  P. 

n-Hexyl  Alcohol, . 

Pinacolyl  Alcohol, . 

CH. .  (CH2)4CH2 .  OH 
(CH,),CCHOH  .  CH, 

#  * 

+4° 

I570 

120° 

n- Heptyl  Alcohol, . 

Pentamethyl-etbyl  Alcohol,  .  . 

CH,fCH2)5CH2OH 
(CH,),C .  C(CH,)2OH 

-M7° 

Ui  VJ 
KJ\ 

0  0 

n -Octyl  Alcohol, . 

Cetyl  Alcohol  or  Ethal,  .... 
Ceryl  Alcohol  or  Cerotin,  -  .  . 
Melissyl  or  Myricyl  Alcohol,  .  . 

CII, .  (CH,),  -  CH.OH 

CH,(CH2)u.CH,OH 

CLH^-OH 

CjjHjj.OH 

+49-5° 

79° 

85° 

199° 

34°° 

0  * 

#  • 

n- Hexyl  Alcohol  occurs  as  acetic  and  butyric  esters  in  the  oil  >>  th 

cdine  (tee  thu,  or  tertiary  bntyl  methyl  ketone,  (CH,), .  C .  CO .  CH,.  bee  » 
K3ffiX2St?i£L tSL-  from  oeoantbol  (me  tbi.)  byredne*.  and 

QH,,OH,  oecor,  as  acetic  eoer  in  the  ,cMU  ***?*£ 
iphtmdyltum,  as  butyric  ester  in  the  oil  of  Paitinaea  >a  tva ,  an 
leum  p/anteum  (A-  185,  26). 

Cetyl  Alcohol,  C*H„.OH,  Hexadecyl  Alcohob 

caded  ethal,  is  a  white,  crystalline  mass  a  14^0  ,  t  cetvi  ^ter 

about  34o\  It  was  prepared  in  1818  by  Chevreul  from  the  cetyl  ester 
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of  palmitic  acid,  the  chief  ingredient  of  spermaceti,  by  saponification 
with  alcoholic  potash : 

CCHft°>0  +  K0H  =  C1«H»  •  011  +  C16H31°  •  OK. 

^I6n33  Ethal.  Potassium 

Palmitate. 

It  yields,  when  fused  with  potassium  hydroxide,  palmitic  acid 
(p.  117): 

C15H31CH2OH  +  KOH  =  C15H31COOK  -f  2H2. 

Ceryl  Alcohol,  .  OH,  cerotin,  as  ceryl  cerotic  ester,  C2THM0 .  O .  C27H55, 

constitutes  Chinese  wax.  It  is  obtained  by  melting  the  latter  with  caustic  potash. 
Ceryl  alcohol  is  a  white,  crystalline  mass,  fusing  at  790.  It  yields  cerotic  acid  when 
fused  with  potassium  hydroxide. 

Melissyl  Alcohol,  C30H61 .  OH,  myricyl  alcohol ,  occurs  as  myricyl  palmitate  in 
beeswax.  It  is  isolated  in  the  same  manner  as  the  preceding  compound,  and  melts  at 
85°.  Its  chloride  melts  at  64°,  and  the  iodide  at  69.5°.  Myricyl  iodide  and  metallic 
sodium  gave  Hexacontane ,  C^Hj^,  or  dimyricyl  (p.  84). 


B.  UNSATURATED  ALCOHOLS. 


1.  OLEFINE  ALCOHOLS,  CnHzn-l.OH. 


These  are  derived  from  the  unsaturated  alkylens,  CnH2n,  in  the  same 
manner  as  the  normal  alcohols  are  obtained  from  their  hydrocarbons. 
In  addition  to  the  general  character  of  alcohols,  they  are  also  capable 
of  directly  binding  two  additional  affinities. 

The  chief  representative  of  the  class  is  allyl  alcohol,  CH2  = 
CH  .  CH2OH.  When  oxidized  by  potassium  permanganate,  the  double 
linkage  of  the  allyl  alcohols  is  severed,  and  trihydric  alcohols — 
glycerols — result  (B.  21,  3347). 

1.  Vinyl  Alcohol,  vinol ,  CH2 :  CH  .  OH,  separates  as  C2H302Hg3Cl2  from  ethyl 
ether  on  the  addition  to  it  of  an  alkaline  mercury  monoxychloride  solution  (Poleck 
and  Thiimmel,  B.  22,  2863).  It  is  simultaneously  produced  with  hydrogen  peroxide 
when  ether  is  oxidized  with  atmospheric  oxygen.  It  cannot  be  separated  from  its 
mercury  derivative  because  in  all  the  reactions  in  which  it  should  form,  the  isomeric 
acetaldehyde,  CH3 .  CHO,  is  produced  (p.  53).  It  seems  to  be  the  universal  rule 
that  the  atomic  grouping  =  C:CH  .  OH,  in  the  act  of  formation,  is  transposed  into 
=  CH.CHO  (Erlenmeyer,  Sr.,  B.  13,  309;  14,  320);  however,  there  are  more 
stable  bodies  than  vinyl  alcohol,  in  which  the  groupings  =  C  =  CH  .  OH  an 
—  C  =  C(OH)R  (p.  131)  are  present. 

The  haloid  esters  of  vinyl  alcohol  are  to  be  considered  the  monohalogen  substitu 
tion  products  of  ethylene  (p.  105).  Vinyl  ether  and  vinyl  ethyl  ether  are  kn<>" 11 
(p.  136).  The  radical  vinyl  is  present  in  neurine,  so  important  physiologically. 


2.  Allyl  Alcohol  \_Propeno/-j’],C3Ui.  OH=CH2 :  CH .  CH..OH.-- 
Allyl  compounds  occur  in  the  vegetable  kingdom  :  allyl  sulphide  in  01 
of  garlic,  and  allyl  sulphocyanide,  C3H5N  =  C  =  S,  in  oil  of  mustard. 
It  may  be  prepared  (i)  by  heating  allyl  iodide  to  ioo°  with  20  parts 
water;  (2)  it  is  produced,  also,  when  nascent  hydrogen  acts  up011 
acrolein,  CH2:CH.COH,  and  (3)  sodium  upon  dichlorhydnn* 
CH2C1 .  CHC1 .  CH2 .  OH  (B.  24,  2670).  (4)  It  is  best  obtained  from 

glycerol  by  heating  the  latter  with  formic  or  oxalic  acid  (A.  167*  -~2 
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n * 

\%  thn  rtMtiem  -be  oxalic  acid  at  fir*  break*  4t/w*  *?/,  'jzrissr  d *aude  **s  p*w 
v:At  *•  kk  jww  a»  e«*w  with  the  flpyeer* ;  <fe»  decerny***  **/,'  *;#  ^ 
hoi,  «,*va  dioxide,  as*J  *as»r  ;  7 

CH, .  O .  CHO  CH, 

CH-OH  =  ?*H  +CO,-f  HX>. 

I  J 

CH, ,  OH  CH, .  OH 


AJlyl  alcohol  i*  a  mobile  liquid  with  a  pungent  odor,  boiling  at 
f6-97®,  and  having  at  2c''  a  specific  gravity  of  0,8540.  It  sotidifie. 
at  — 50'.  It  is  miscible  with  water,  and  burns  with  a  bright  fame. 

It  yields  acrolein  and  acrylic  acid  when  oxidized  with  silver  oxide, 
and  only  formic  acid  ( no  acetic y  when  chromic  acid  is  the  oxidizing 
agent.  Glycerol  results  w  hen  potassium  permanganate  is  the  ©xicar.t. 
Nascent  hydrogen  is  apparently  without  effect  upon  it,  as  seems  to  be 
indicated  bv  its  formation  from  acrolein.  Chlorine  partly  oxidizes  it, 
and  again  adds  itself,  giving  rise  to  acrolein  and  the  dichlorhydrin  of 
glycerol  Oh  24,  2670).  When  heated  to  150'  with  caustic  potash, 
formic  acid,  normal  prop}'!  alcohol,  and  other  products  are  obtained. 

Allyl  alcohol,  heated  with  mineral  acids,  yields  propionic  a.cehyde 
and  methyl  ethyl  acrolein  'B.  20,  R-  699 ). 


Halogen  Ally l  Alcohol}  hare  bten  teamed  from  e-  aryf  ^dkh>*pros*kse  aid 

wChloraEyl  Alcohol,  CH,  =CQ.  CH/5H,  beds  at 
/tCUooByl  Alcohol,  CHO  =  CH  .  CH/jH,  bof-s  at  153’. 
a-Bromatiyl  Alcohol,  CH,  =  CBr.  CHpH,  boil*  at  152°. 


Salpbwk  acid,  acting  upon  o-c hVjraliyl  alcohol,  pr-daces  acetcce^-cobo!  see 
this  4  krd  with  *~humal)yl  alcohol  yielded  propargyl  akobtJ  'see  p.  13*1- 
ally!  akobot  may  be  prepared  from  ally!  alcohol  by  a  series  of  reactions,  shown  m  iter 
Wwvit^  diagram : 


CH/>H 


CHjBc 
vCH 


&t  t 


CH}Br 

I 

CHBr 


CH,Br 
-^CBr 


H,Br 


&U  k 


CH/XXjCH, 
CBr 


CH/JH 

I 

CBr 

k 


Sodium-  J-allyl  alcoholate  is  produced  by  the 
(A.  273,  11  fjfr  dilated  with  anbydrons  ether- 

(A)  Crotonyl  Alcohol,  C.H-  -  OH  =t.H, .  -H: 
crotowakkfcyde,  CHt.  CH :  CH  .  CHO,  by  toeam  oi 


(3)  ?>-Allyl  Alcohol,  CH,  =  C(OH).  CH,,  is  ouiy  known 
Sodmm  '1-ally l  alcoholate  is  produced  by  the  action  o;  wetalbc  ^ 

^  A  w  *  4^4  ^ ri ,  ^  -  s  ^  r  rrm  f 1  ^ T  — 

J :  CH  .  CH, .  OH,  is  oUained  from 

of  nascent  hydrogen.  It  bous  ax 

^  - -  '  ' 

Higher  1 ’maturated  Alcohol}  of  the  a.ly.  series,  hi  ring  ^  ^ 

twe.  arise  h>  the  action  of  z»c  and  allyl  wdaie  30. 

!«*«*.  p.  1 14  (B.  17,  R-  316 ;  A  185.  I5C  *75  5  V*  i^jLT  1  J 

390),  a*  well  as  by  action  of  zinc  alkyls  ujrjo  ~t  I9,==.  ZteX*?/ 

iMmethyl AUyl  Caridtud ,  CH,  =  CH  .  -HXfC  t  i  ,  ico-1605. 

*HylcarKnolUJ&  at  156-.  Metkyipr&l  allyl  carhtnol  bods  at  *5^-*^ 
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UNSATURATED  ALCOHOLS,  C.H„_  3.  OH. 

To  this  class  belong  • 

known  member  of  the  acetylene  a  •  aiconoi  is  the  only  well- 

on,y 

2.  ACETYLENE  ALCOHOLS. 

Propargyl  Alcohol  [Propinol-71,  C-H.O  =  CEI  :  C  Cl  I  HIT  -ru-  1  l  i 
obtained  by  Henry  in  1872  IB  «;  c6o  •  a  ,e«\  '  *  bH,OH.—‘ This  alcohol  was 

(see  p.  131)  with  caustic  potash.  5’  9  ’  ’  3  J)  Up°n  treatinS  “-broinallyl  alcohol 

»°T^\5!C0it0brtlT«°i4-i?^eei,ble'5melli”g  V'1aii-  with  *  gravity  at 

color.11'  ^e^’rlh  7c  Hn'Sr"'  ^ver  compound,  C,H,(OH)Ag,  whim  in 
me  copper  salt,  (C3H2OH)2Cu,  is  a  yellow  precipitate. 

3.  DIOLEFINE  ALCOHOLS. 

thetkah  Tnoduced'  hv  l’Sich,the  T'!’1'  union  °f  carbon  atoms  occurs  twice,  arc  syn- 
amd^Sftc«te^dV^ 10 ‘“n  fy' iodide  upon  ethers  of  formic  acid 

into  ternenes  are  of  <rri  ,  ,\P'  I-  i  Jlo  t'fme  alcohols,  which  can  be  transposed 

linalooiy  They  will  d^scuare^J  underlim^rpenogen  groujn™0*0'  "  “ 


ALCOHOL  DERIVATIVES. 

1.  SIMPLE  AND  MIXED  ETHERS. 

cornered  wftbhb  °-xidlfs  ,of  the  fcohol  radicals.  If  the  alcohols  are 
metallic  oxid^  Th  hydrateJ  then  the  ethers  are  analogous  to  the 
alcohols  formed  \  iu  mf/  c?ns’^ered  also  as  anhydrides  of  the 
alcohol 7  ^  elim,^ation  of  water  from  two  molecules  of 


CjH. .  OH  T  r  H 
C2II5 .  OH  “  H*°  =  C22II55>°- 


t,  tj 

w>l|! ^rrr  W°  Slm'lar  alcohol  radicals  are  termed  simple 
enters,  those  with  different  radicals,  mixed  ethers  : 


c#:>° 

Ethyl  Ether,  or 
Diethyl  Ether. 


c7h:>o. 

Methyl-ethyl 
Ether. 


hornolocvTfh'e  Tl  of,  e;her?  a";ong  themselves  is  dependent  upon  the 

compeou7d  eThcr^rd  fnCti°n  77?"  the  a'-vean^  the  soiled 

acid'radical  are  present—,.  £  Wh'ch  both  an  alcoho1  radical  and  an 
CrU/V0  Ethyl  Acetic  Ester ;  and  ^  >0  Ethyl  Nitric  Ester. 
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The  properties  of  these  are  entirely  different  from  those  of  the  alco- 
hol  ethers.  In  the  following  pages  they  will  always  be  termed  esters. 

1  he  following  are  the  most  important  methods  of  preparing 

^  1 1 1^  1 o  • 

i.  Their  most  important  method  of  formation  consists  of  the  inter¬ 
action  of  sulphuric  acid  and  alcohols.  Alkyl  sulphuric  acids  result  at 
first,  but  on  further  heating  with  alcohols  these  are  rearranged  into 
etheis.  This  procedure  affords  a  means  of  obtaining  both  simple 
and  mixed  ethers  (Williamson,  Chancel)  : 


so*<ohC,H‘  +  C>H»  • 0H  =  $:>o  +  so,  II,. 

Ethyl  Sulphuric  Diethyl 

Acid.  Ether. 

S0,<8hCH’  +  c.,h5.  oh  =  (2“‘>o  +  SO.H,. 

Methyl  Sulphuric  Methyl-ethyl 

Acid.  Ether. 

When  a  mixture  of  two  alcohols  is  permitted  to  act  upon  sulphuric  acid,  three  ethers 
are  simultaneously  formed  ;  two  are  simple  and  one  is  a  mixed  ether.  Other  polybasic 
acids,  like  phosphoric,  arsenic,  and  boric,  behave  like  sulphuric  acid.  This  is  also 
true  of  hydrochloric  acid  at  170°,  and  sulpho-acids — e.  g.,  benzene  sulphonic  acid,  at 
I45°  (F.  Krafift,  B.  26,  2829).  In  this  reaction  ethyl  benzene  sulphonic  ester  is  pro¬ 
duced  and  breaks  down  in  the  sense  of  the  equations : 


C6H5S03H  -f  GjH-OH  =  CbH5S03C2H5  -f  H20. 
C6H5S()3C2H5  +  C2H5OH  =  C6II5S03H  +  (C2H5)20. 


2.  The  action  of  the  alkylogens  upon  the  sodium  alcoholates  in 
alcoholic  solution.  Mixed  ethers  are  also  formed  here : 


C2H5  .  ONa  +  C2H5C1  =  q2^>0  +  NaCl. 

2  5 

C2H5 .  ONa  +  C3H7C1  =  ^H5^0  +  NaC1- 

3  7 

Consult  B.  22,  R.  381,  637,  upon  the  speed  of  these  reactions. 

3-  Action  of  the  alkylogens  upon  metallic  oxides,  especially  silver 
oxide  : 

2C2H5I  +  AgzO  =  (C2H5)20  +  2AgI. 

The  constitution  of  ethers  is  indicated  in  this  reaction. 

Properties. — Ethers  are  neutral,  volatile  (hence  the  name  aiftrjp, 
a'r)  bodies,  nearly  insoluble  in  water.  The  lowest  members  are  gases  ; 
the  next  higher  are  liquids,  and  the  highest — e.  g.,  cetyl  ether  are 
solids.  Their  boiling  points  are  very  much  lower  than  those  of  the 

corresponding  alcohols  (A.  243,  1). 

.  Transpositions. — Chemically,  ethers  are  very  indifferent,  because  all  the  hydrogen 
15  ^ttached  to  carbon. 

U)  When  oxidized  they  yield  the  same  products  as  their  alcohols. 

(2)  They  yield  ethereal  salts  when  heated  with  concentrated  sulphuric  acid. 

\3)  Phosphorus  chloride  converts  them  into  alkyl  chlorides : 

^5>°  +  PC15  =  C2H5C1  +  CIIjCl  +  POCI3. 
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(4)  The  same  occurs  when  they  are  heated  with  the  haloid  acids,  especially  with  HI* 

^H5>0  +  2111  =  C,H5I  +  CHjI  +  H.O. 

acted  upon  b>’  111  in  ,he  cold*  they  decompose  into  alcohol  and  an  iodide 
\\  ith  mixed  ethers  it  is  the  iodide  of  the  lower  radical  that  is  invariably  produce.! 
(B.  9,  852  ;  26,  R.  718).  y  1 

c'u>°  +  HI  =  CH3I  +  C,II5.  OH. 

(5)  Many  ethers,  especially  those  with  secondary  and  tertiary  alkyls  and  those  with 
unsaturated  alkyls  (allyl),  break  up  into  alcohols  (B.  10,  1903)  when  heated  with 
water  or  dilute  sulphuric  acid  to  150°. 


A.  ETHERS  OF  THE  SATURATED  OR  PARAFFIN  ALCOHOLS. 

Methyl  Ether,  (CH2LO,  is  prepared  by  heating  methyl  alcohol  with  sulphuric 
acid  (B.  7,  699).  It  is  an  agreeable-smelling  gas,  which  may  be  condensed  to  a 
liquid  at  about  230.  Water  dissolves  37  volumes  and  sulphuric  acid  upward  of 
600  volumes  of  the  gas. 

Chlorine  converts  ether  into  chlormethyl  ether,  s-dichlormethyl  ether,  and  pe*- 
chlormethyl  ether,  which  decomposes  on  boiling.  The  first  two  are  formaldehyde 
derivatives,  and,  togtther  with  the  corresponding  brom-  and  iodo-compounds,  will  be 
treated  after  formaldehyde. 


Ethyl  Ether  or  Ether,  (C,H5)20,  is  by  far  the  most  important 
representative  of  this  class  of  compounds.  It  has  been  known  for  a 
long  time* 


History*.  Ethyl  ether  and  its  production  from  alcohol  and  sulphuric  acid  were 
known  in  the  sixteenth  century.  They  were  described  by  Ja/crius  (Sordus^  a  German 
physician.  Until  the  beginning  of  the  present  century  ether  was  regarded  as  a 
sulphur-containing  body  ;  hence,  to  distinguish  it  from  other  ethereal  compounds,  it 
was  called  sulpkur-etktr .  The  ether  process,  in  w  hich  a  comparatively  small  quantity 
ot  sulphuric  acid  w*as  capable  of  converting  a  large  quantity  of  alcohol  into  ether, 
was  included  in  the  category  of  catalytic  reactions.  The  explanation  of  this  process 
constitutes  one  of  the  most  brilliant  advances  in  organic  chemistry. 

In  1S42,  Oerhardi,  from  purely  theoretical  reasons  and  in  opposition  to  Liebig, 
concluded  that  the  ether  molecule  did  not  contain  the  same  number  of  carbon  atoms 
as  were  present  in  the  alcohol  molecule,  but  exactly  tivice  that  number.  He  was 
unable  to  gain  general  acceptance  for  this  view.  Williamson,  in  1S50,  by  a  new 
synthesis  of  ether,  proved  the  correctness  of  Gerhardt's  conception,  not  only  for  it,  but 
tor  ethers  in  general.^  His  method  was  the  transposition  taking  place  l>etw*een  sodium 
t  tin  late  and  ethyl  iodide  (p.  133)*  The  formation  of  ether  from  alcohol  and 
mu ph uric  acid  W  illiamson  explained  by  a  continuous  breaking-dow  n  and  re-formation 
of  ethyl  sulphuric  acid,  made  possible  by  the  contact  of  alcohol  with  the  acid  at  140° 
KA  77*  37;  81,  73). 

t  hancel,  who  preceded  Williamson  in  publication,  had  made  ether  independently 
of  the  latter,  by  heating  a  mixture  of  potassium  ethyl  sulphate  and  potassium  ethylate : 


SO, 


i&h‘+ 


o{£H‘  =  SO. 


f  K 

\K 


+  o 


;c,  h 
\c;h 


5. 

& 


T  he  objection  that  ether,  because  of  its  low  boiling  temperature,  could  not  contain 
the  double  number  of  carbon  atoms  in  its  molecule.  Chancel  removed  bv  citing  the 
boiling  point  of  ethyl  acetic  ester  (Compt.  rend,  par  Laurent  et  Gerhardt  (1850), 
6,  3<>9)- 
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%-Dichler- ether,  CH, .  CHC1 .  O.  CHC1 .  CH,,  boiling  at  1 160,  is  produced  by  the 
action  of  hydrochloric  acid  upon  aldehyde. 

The  following  table  contains  the  melting  and  boiling  points  of  the  better  known 
simple  and  mixed  ethers : 

Ethyl  methyl  ether  boils  at  11°  ;  n -propyl-methyl  ether  boils  at  50°  ;  VL-propyl  ether 
boils  at  86°;  isopropyl  ether  boils  at  60-62°;  isoamyl  ether  boils  at  176°;  Cetyl 
ether ,  (Ci#Ha),0,  melts  at  55°  and  boils  at  300°. 


B.  ETHERS  OF  UNSATURATED  ALCOHOLS. 

It  was  explained,  when  discussing  the  unsaturated  alcohols  (p.  1 30),  that  the 
members  of  that  series  in  which  hydroxyl  was  combined  with  a  doubly  linked  carbon 
atom  readily  rearranged  themselves  into  aldehydes  or  ketones,  and  were  only  known 
in  their  derivatives,  especially  as  ethers.  Thus : 

t.  liny l  ether ,  (CH,  =  CH),0,  boils  at  39°,  and  may  be  obtained  from  vinyl 
sulphide  (p.  149)  and  silver  oxide.  2.  Perchlor-z  myl  ether,  Chlcro.x etkose,  (CC1,= 
CC1),0,  is  formed  from  perchlorethyl  ether  (p.  135)  and  K,S.  3.  I  inyl  e:r.y! 
ether ,  boiling  at  35.50,  results  from  the  interaction  of  iodoethyl  ether  and  sodium 
ethylate.  4.  Isopropenyl-ethyl  ether,  CH,C(OC,H,)  =  CH„  formed  frompropenyl bro¬ 
mide  and  alcoholic  potash,  or  from  ethoxycrotonic  acid  (B.  29,  1005  .  boils  at  62—63  . 

Ethers  of  allyl  alcohol  and  propargvl  alcohol  are  known :  Ally' ether.  (CH.= 
CH.CH,1,0,  boils  at  85°;  propargyl  ethyl  ether ,  CH=C .  CH, .  O . CH,.  CHP 
boils  at  So°.  See  ethyl  propiolic  ester. 


2.  ESTERS  OF  THE  MINERAL  ACIDS. 

If  we  compare  the  alcohols  with  the  metallic  bases,  the  esters  or 
compound  ethers  (p.  132)  are  perfectly  analogous  in  constitution  to 
the  salts.  Just  as  salts  result  from  the  union  of  metallic  hydroxides 
with  acids,  so  esters  are  formed  by  the  combination  of  alcohols  with 
acids.  Water  appears  as  a  side-product  in  both  reactions: 

XaOH  +  HO  =  NaCl  +  H,0. 

CjH-OH  4-  HQ  =  C,H,C1  +  HsO. 

The  haloid  esters  correspond  to  the  haloid  salts ;  they  may  also  be 
regarded  as  monohalogen  substitution  products  of  the  hydrocar ocn» 
(p.  101).  Corresponding  to  the  oxygen  salts  are  the  esters  oi  oI!\er 
acids,  which,  therefore,  may  be  viewed  as  derivatives  of  the  alcohol. 
in  which  the  alcohol-hydrogen  has  been  replaced  by  acid  radicals,  or  as 
derivatives  of  the  acids,  in  which  the  hydrogen  replaceable  by  nietaj^ 
has  been  substituted  by  alcohol  radicals.  The  haloid  esters  would  e 
included  in  the  last  definition  of  esters.  The  various  definitions  oi 
esters  as  derivatives  of  the  acids,  and  again  as  derivatives  of  the  alco¬ 
hols,  find  expression  in  the  different  designations  of  the  esters : 

C,HS .  O .  NO,  or  NO, .  O .  C,HS. 

Ethyl  Nitrate.  Nitric  Ethyl  Ester. 

In  polvbasic  acids  all  the  hydrogen  atoms  can  be  replaced  by  alco¬ 
hol  radicals  resulting  in  the  production  of  neutral  esters.  When  alco¬ 
hol  radicals  are  introduced  for  all  of  the  hydrogen  atoms  acid  esters 
are  formed.  These  still  possess  the  acid  character.  They  form  salts, 
hence  are  termed  ether  acids,  and  correspond  to  acid  salts : 
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SO 

5Uj^ok 

Neutral  Potassium  Sulphate. 

^<0  .  C2H5 
Sulphuric  Ethyl  Ester. 


so  <r0K 

Acid  Potassium  Sulphate. 


SO, 


O .  C,HS 


<OH 


Ethyl  Sulphuric  Acid. 


Dibasic  acids  form  two  series  of  salts,  and  also  of  esters,  while  with 
tribasic  acids  there  are  three  series  of  salts  and  of  esters. 

In  the  case  of  the  polyhydric  alcohols  there  are,  besides  the  neutral  esters,  also 
basic  esters,  corresponding  to  the  basic  salts,  in  which  not  all  of  the  hydroxyl  groups 
participated  in  the  esterification. 

Formation  of  Esters. — (1)  The  esters  can  be  prepared  by  allowing 
alcohols  and  acids  to  act  directly  ;  water  is  also  produced  : 

C2H5  .  OH  +  N02  .  OH  =  C2H5  .  O  .  N02  +  H20. 

This  transposition,  however,  only  takes  place  gradually,  progressing  with  time  ;  it 
is  accelerated  by  heat,  but  is  never  complete.  We  always  find  alcohols  and  acids 
together  with  the  esters,  and  they  do  not  react  any  further  upon  each  other.  If  the 
ester  be  removed— e.  g.t  by  distillation— from  the  mixture,  as  it  is  formed,  an  almost 
perfect  reaction  may  be  attained. 

When  acted  upon  by  alcohols,  the  polybasic  acids  mostly  yield  the 
primary  esters  or  ether-acids. 

There  are  two  synthetic  methods  of  producing  the  esters  which 
favor  the  views  of  considering  them  derivatives  of  alcohols  or  acids. 

Th(?)  By  'reacting  on  the  acids  (their  silver  or  alkali  salts)  with 
alkylogens : 

NO, .  O  .  Ag  +  C,H,I  =  NO, .  O .  C,HS  +  Agl. 

(3)  By  acting  upon  the  alcohols  or  metallic  alcoholates  with  acid 

chlorides :  „  u 

2c2h5  .  oh  +  so2ci2  =  so2  <  0 ;  C22H“  + 21 ICL 

3C2H5.OH+  BCIj  =  B(0  .  C2H5)3  +3HC1. 

d  a  4'  t>u~  neutral  esters  are  insoluble,  or  soluble  With  diffi- 
cu^fn  wamr,  and  almost  all  are  volatile  ; 

of  their  vapor  density  is  a  convenient  means  o  ether-acids  are 

ular  magnitude  and  also  the  basicity  o  tie  aci  •  bases 

not  volatile,  but  are  soluble  in  water  and yidd*,a^ 

All  esters,  and  especially  the  ether-acids, 
hols  and  acids  (p.  112)  when  heated  wi  wa  •  tbis  with 

slum  hydroxides,  in  aT’eous  or  alkal,^h^  is  termed  saponifica- 

great  readiness  when  aided  by  ^f-  ^P^sodium  salfs  of  the 

turn,  because  the  soaps— 1.  e.,  the  po  -  reaction  from  the 

higher  fatty  acids  (see  these)-are  obtained  by  this  reaction 

fats,  the  glycerol  esters  : 

NO, .  O .  C,H,  +  KOH  =  C,H,OH  +  NO, OK. 
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A  L  ALKYL  ESTERS  OF  THE  HALOID  ACIDS.  HALOID  ESTERS  OF  THE 
SATURATED  ALCOHOLS.  ALKYLOGENS- 

It  was  pointed  oat  under  the  halogen  substitution  products  of  the 
Ldriiis  and  the  msanniev:  acyclic  hnbocirh  ns  that  the  ia.\  gem 

substitution  products.  or  kgems9  were  largely  prepared  th?ni  the 
alcohols  as  startinu-oct  substances.  This  intimate  connection  with  the 
alcohols  is  the  reason  for  the  assumption  of  the  alkjiogens  as  ester?  of 
the  haloid  acids.  As  haloid  esters  of  the  alcohols  they  arrange  them- 
selves  with  the  alkyl  esters  of  the  inorganic  oxygen  acids^ 


The  nev  rK*?  the  bjogei  (ksimiTts  .  iX  it?  pnra  ssbsdnDcc  rr.xi- 

acts  s  expressed  m  the  nrxs  oooochlor-rDedssiie.  saooachlor -gtraae,  etc.,  while  the 
cespcoc  rsitaTi  chloride,  dkji  dknde.  etc.,  preferred  far  the  Booobk^ec  sm- 
sl:-  joc  deriTxtiTes  of  wartime  and  ethane.  mark  these  sonsonces  haloid  esters  cf 
the  ikoaok  cocresacodlgg  to  the  neuLc  bides. 

*f  AOjitgms^ — it)  Br  tie sw+tttrwfiem  ef  ike  fearmjfms.  The  co-firings 
tiTong  the  sabsersdoe  of  the  hydrogen  stoats  of  the  pirxEns  by  h£cfea  stoats 
kut  been  rDendooevi  czder  the  general  methods  tor  the  prepart:  xre  of  hakgec  sab- 
sweat  ee  products.  The  sdbstkisnoc  reactfan  is  act  well  adapted  for  the  prepstrm.  n 
of  llkrkgecs,  fcectnse  mixtures  of  compounds  are  inriniry  prodacei  la  tre 
h%ber  Beaver  of  the  series  tsetnendes  are  farmed.  This  is  because  the  dkxbe 
mas  for  the  h  voider  both  of  terrain*!  and  tntermediaie  csdoo  atoms.  Thcs  nor¬ 
mal  pr— r,  CH*  CHU.  CH,.  CH, .  CH*  rieSds  CH, .  CH^ .  CH, .  CH* .  CHLC!  azd 
CH3 .  CH. .  CH^.CHQ  CH^.  az>d  such  mixtures  are  separated  wkh  great  drnrdry. 

2)  By  tie  ^diitiem  ef  kmbid  aeids  £*  tie  n&fao.  In  this  addkkc.  which  occnrs 
wkh  especial  ease  with  hydrogen  iodide,  it  is  interesting  to  note  ?Kti  the  halogen 
atom  tr.jcbes  i'jcj  to  the  cuboa  aio>n  carryfag  the  lexst  ukqzu  of  hvGivge-:  p.  QJ*  : 

HI 

CHj .  CH  =  CH, - ^CHj.CHI.CH. 

CH^>C  =  CH.  ~ HI  >  CH*>C1-CHr 

(3)  From  akokels  (a)  ij  tie  meUrn  ef  kalmid  mads.  This  reaction 
does  not  readily  complete  itself  unless  the  halogen  hvdride  is  used  in 
great  excess,  or  the  water  termed  at  the  same  time  with  the  alkytogen 
is  absoroed.  Hence  in  the  case  of  methyl  and  ethvl  alcohol  an  addi¬ 
tion  of  zinc  chloride  or  axlphunc  acid  is  advantageous  ^see  mono-chlor- 
methane.  p.  141). 

This  addition  is  a  disadvantage  with  the  higher  alcohols,  because 
then  olefines  are  first  produced,  and  to  these  the  halogen  hvdride  adds 
itseli  in  such  a  manner  that  an  isomeric e  of  the  desired  alkvlogen  is 
obtained  (p.  92).  It  may  also  be  remarked  that  in  the  presence  oi 
an  excess  of  hydriodic  acid  the  iodides  are  often  reduced.  Hence 
alkyl  iodides  can  be  prepared  from  polvhvdric  alcohols  (compare 
isopropyl  iodide,  p.  142) : 


C*H<  on\  +  SHI  =  CJOA  +  t  4-  2HO 

Sg»lOB>.+  5HI  =  <1?t 

+  itHI  =C^H^j!  1  51;  X  6H$X 

00  ^  of  phosphorus  halides*  If,  for  example,  ethyl 
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alcohol  be  treated  with  PCI*.  PBr„  or  PI„  two  possibilities  arise :  either 
an  halogen  hydride  and  ethyl  phosphorous  ether  are  produced,  or  an 
ethyl  haloid  and  phosphorous  acid.  The  latter  reaction  occurs  when 
PR?,  and  PI,  are  used,  and  this  method  is  adopted  almost  exclusively 
in  the  preparation  of  the  alkyl  bromides  and  iodides  (see  ethyl 
bromide  and  ethyl  iodide j  : 

PBr,  -  jCjH^OH  =  jC»HsEr  -  PO,H, 

PIa4-3C5H5pH=3CtH5I  +PO,IV 

(BI,  acts  analogously  upon  ethyl  alcohol,  B.  24,  R-  387).  The 
formation  of  esters  of  phosphorous  acid  by  the  use  of  PBr,  and  PI, 
is  far  from  satisfactory.  PCI*,  on  the  other  hand,  yields  phosphorous 
esters  and  hydrochloric  acid  almost  entirely  according  to  the  equation  : 

PCI,  +  3<W>H  =  PIO.  CW,  +  jHGL 

The  chlorides  are  readily  formed  if  PCI,  be  snbstituted  for  PCi, : 

PO*  -j-  CjHjOH  =  CjHjO  +  HO  +  POO^ 

'4)  Fnm  aHyl-ialiidi  *r  e&j!  aufkxric  math  aad  *s£i Tir  LsJLza. 

s.  Bneades  zzsz  iodides  csn  be  trz^rsed  isao  sxdandes  by  *v*ET-:g  'iie. 

HgC,= 

aC,HJ  +  HgCl,  =  aCjH-Q  +  Hg  V 

e  1U  ctiandes  *re  hexzed  «k  AlBr,  or  All,  or  Cxi,  they  becaze  hrfiirr 
or  kwldra  (B.  14,  1709 ;  ifi,  39*  ;  19*  R-  i66j  : 

3*^0  -  AIBr,  =  jC^Er  -j-  AICV 

(ej  Kcirl  sad  C3*i  ioodes  jridd  AgFI  ibe  gaseces  caexiccii  wteiky. 
ftmridr.  CH^Fs,  xad  4krljb**r*de,  C,!!*!!,  wbkb  bare  ei  sgreBtiie.  aicr, 

tii  do  UX  JG2CX  £-*—  (B.  22.  R.  267).  .  . 

d  Ob  esijl  sslptznc  add  sod  yx*ss=.  hrjz^bt^  c~ri  s 

frdcai 

Itowirriim. — Propane  is  the  first  hydrocarbon  yielding  isanerides 
(p.  43).  The  isomerism  depends  on  the  varying  position  of  the 
hydrogen  a?f*m  in  the  same  carbon  chain,  and  from  butane :  a »ard  it 
depends  on  different  linkage  of  the  carbon  atoms  forming  .~e 
carkc  skeleton  (see  table,  p.  140). 

Prft<rti£s  and  Transp&siti&iis- — The  alkylogens are  einereal,  a*  ee- 
ahle,  sweet -smelling  liquids.  They  are  scarcely  soluble  in  vaer,  bet 
dissolve  with  fyf  in  alcohol  and  ether.  They  are  gases  at  the  erdi- 
narr  temperature— e.  g:,  roethvl  chloride,  ethyl  chloride,  and  methyl 
bromide.  The  chlorides  boil  aS°-2o0  lower  than  the  bromines,  ana 
the  latter  from  34,-2S5  lower  than  the  corresponding  iodide  (p.  i-fo). 
The  differences  stow  less  with  increasing  molecular  weight.  As  m 
the  case  of  the  hydrocarbons,  so  here  it  mav  he  said  that  were 
■onaidcs  exist.  tfoe  normal  members  have  the  higrest  boiling  p*-.nts. 
The  more  branched  the  carbon  chain,  the  lower  will  the  boiling  point 
lie. 

As  kniUdcfUrs  of  the  alcohols,  the  alkylqgeas  may  be  comparec  with 


140 


ORGANIC  CHEMISTRY. 


the  metallic  halides,  although  the  halogens  are  less  readily  transposed 
by  silver  nitrate.  The  iodides  are  the  most  reactive.  However 
the  alkylogens  are  excellently  adapted  to  bring  about  the  replacement 
i  ™etals»  a.nd thus  unite  atoms  previously  in  union  with  metals  to 
alcohol  radicals  Particularly  interesting  is  the  transposition  occa¬ 
sioned  by  the  alkaline  cyanides  (see  nitriles),  and  the  sodium  deriva¬ 
tives  of  aceto-acetic  ester  (see  this)  and  malonic  ester  (see  this). 

oth  are  synthetic  reactions  of  the  first  importance  (p.  81)  The 
alkybgens  play  a  prominent  part  in  the  nucleus-syntheses  oi  the 

the  mraffinSr  P‘  Z2\  They  constitute  the  transition  from 

the  paraffins  and  olefines  to  the  alcohols  (see  these),  into  which  thev 
are  converted  by  moist  silver  oxide. 

The  methods  for  the  transposition  of  alcohols  into  ethers  into 
mercaptans,  into  alkyl  sulphides  (sulphur  ethers)  and  compound 

Soms  in ' ?ters’  UP°"  the  activity  of  the  Kg  „ 

emrioved  nhef,alk>’Io«ens:  Th>s  ^  also  the  case  with  the  methods 
employed  in  the  preparation  of  metal  alkyls. 

be  mKegnlhfeheUmer0USreaCtiOnSofthealk>'lo«ens-  mention  ™y  here 
Bv?hk  meK  n  P°Wer  ‘°  UI>,te  With  ammonia  and  ammonium  bases, 
the  tetraKvl  the  Primary  secondary,  and  tertiary  amines,  as  well  as 
ml  r  „yl  ammon,nm  halides,  were  obtained. 

alkylogens  at* the  ordinary  pressure^'  b°iling  P°imS  °f  °f  ‘he 


Name  and  Formula  of  Radical. 

Chloride 

.  Bromide 

.  Iodide. 

Methyl-, . . 

Ethy1' . . .  CH2 

—24° 

+  12-5° 

+4-5° 

38° 

43° 

720 

Norm.  Propyl-,  ....  CIT  PH  nu 

. . . . . : :  :^,)!cchh-ch- 

44° 

36-5° 

710 

59-5° 

102° 

89-5° 

Is0b“t>^,• . (CH,),.C!H?fiICH’- 

Sec-  ***- . <?2>>ch 

Terl-  ButJT . (iir.t.c 

77-5° 

68.5° 

•  •  • 

5i-5° 

100.4° 

920 

720 

129. 6° 
120° 

120° 

103. 3° 

Diethyl  Methyl-,  !  '.  !  ]  |  (C^^CH  CH* '  CHa~ 

Methyl-norm.-propyl  Methyl-,^  "CH,>CH 

Methyl-isopropyl-methyl-,  .  ^ 

Dimethyl-ethyl-methyl-,  .  .  (CH3)a\c 

1060 

IOO° 

•  •  • 

104° 

910 

86° 

1290 

120° 

•  •  • 

XI30 

115° 

IOO° 

J  J 

155° 

148° 

145° 

144° 

138° 

127° 

Norm.  Hexyl-, . CH,  - 

Norm.  Heptyl-, .  CH  fcH  i’rH2 — 

. 

*33° 

159° 

1800 

155° 

178° 

1990 

1 79° 
203° 

225  0 
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Monochlormethane,  CH3C1,  Methyl  Chloride,  is  obtained 
from  methane  or  methyl  alcohol.  It  is  a  sweet-smelling  gas.  Alcohol 
will  dissolve  35  volumes  of  it,  and  water  4  volumes. 


It  is  prepared  by  heating  a  mixture  of  I  part  methyl  alcohol  (wood  spirit),  2  parts 
sodium  chloride,  and  3  parts  sulphuric  acid.  A  better  plan  is  to  conduct  HC1  into 
boiling  methyl  alcohol  in  the  presence  of  zinc  chloride  {]/z  part).  The  disengaged 
gas  is  washed  with  KOH,  and  dried  by  means  of  sulphuric  acid.  Commercial  methyl 
chloride  usually  occurs  in  a  compressed  condition.  It  was  formerly  applied  in  the 
manufacture  of  the  aniline  dyes,  and  in  producing  cold.  It  is  obtained  by  beating 
trimethylamine  hydrochloride,  N(CH3)3.  HC1. 


Monochlorethane,  C2H5C1,  Ethyl  Chloride,  is  an  ethereal 
liquid,  boiling  at  1 2. 50  ;  specific  gravity  at  o°  =.  0.921.  It  is  miscible 
with  alcohol,  but  is  sparingly  soluble  in  water. 

It  is  prepared  from  ethyl  alcohol  in  the  same  manner  that  methyl 
chloride  is  obtained  from  its  alcohol.  Its  formation  from  ethyl  hydride 
or  dimethyl  by  means  of  chlorine  (p.  83)  is  important  from  a  theo¬ 
retical  standpoint. 

If  heated  with  water  to  ioo°  (in  a  sealed  tube),  it  changes  to  ethyl 
alcohol.  The  conversion  is  more  rapid  with  potassium  hydroxide.  In 
dispersed  sunlight,  chlorine  acts  upon  it  to  form  ethylidene  chloride, 
CHS.  CHCIj,  and  other  substitution  products.  Of  these  C2HC15  was 
formerly  employed  as  sEther  ancEstheticus.  Chlorine  converts  ethyl 
chloride,  in  the  presence  of  iron,  into  ethylene  chloride. 


The  boiling  points  of  the  two  propyl  chlorides ,  the  three  butyl  chlorides ,  six  amyl 
chlorides ,  normal  hexyl heptyl and  octyl-chlorides ,  have  been  given  in  the  preceding 
table.  Myricyl  chloride,  CH3[CH2]2SCH2C1,  melts  at  64°. 


Methyl  Bromide,  CH3Br — Monobrommethane. — Specific  gravity 
is  1.73  at  o°. 

Ethyl  Bromide,  C2H5Br,  boils  at  390  ;  its  specific  gravity  is  1.47 
at  130.  Bromine  (6  pts. )  is  run  into  a  mixture  of  red  phosphorus 
(1  pt.)  and  95  per  cent,  alcohol  (6  pts.).  Ihe  mixture  should  be 
chilled  and  constantly  shaken  while  introducing  the  bromine.  The 
reaction  will  be  complete  at  the  expiration  of  several  hours.  The 
ethyl  bromide  is  then  distilled  off,  washed  first  with  a  soda  solution, 
then  with  water,  and  rectified  after  previous  drying  over  calcium 
chloride.  Ethyl  bromide  is  the  officinal  xEther  bromatus.  It  is 
prepared  from  potassium  bromide  and  ethyl  sulphuric  acid  (p.  J39  • 
It  is  used  as  a  narcotic. 


Propyl  Bromide,  C3HTBr,  from  the  normal  alcohol,  boils  at  71  ;  its  specifi 

gravity  is  1.3520  at  20°.  ‘  co . 

Isopropyl  Bromide,  CLH.Br,  from  its  corresponding  alcohol,  boils  at  59.5  , 

•  specific  gravity  is  1.3097  at  20°.  It  is  most  conveniently  obtained  by  t  e  a 
bromine  upon  isopropyl  iodide  (B.  15,  1904).  .  „_ai  nronv1 

Upon  boiling  with  aluminium  bromide,  or  by  heating  to  250  ,  n°  jg 

bromide  passes  over  into  the  isopropyl  bromide  (not  completely,  o  1  occurs 
39t).  Such  a  transposition,  due  to  displacement  of  the  atoms  in  e  1  Jj,at  the 
rather  frequently,  and  is  termed  molecular  transposition.  It  may  e  oovlene, 

normal  propyl  bromide,  CH, .  CH, .  CH, .  Br,  at  first  breaks  up  “^STSfcS? 
CH3 .  CH :  CHj  and  HBr  (see  p.  91),  which  then,  according  to  a  com 
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addition  (p.  93),  unites  with  the  propylene  to  isopropyl  bromide,  CH,  .  CHBr .  CH,. 
Similarly,  isobutyl  bromide,  (CH,), .  CH  .  CH,  Br,  changes  at  240°  to  tertiary  butyl 
bromide,  (CH,), .  CBr .  CH,.  The  transpositions  occurring  on  heating  the  halogen 
hydrides  with  the  alcohols  may  be  explained  in  the  same  manner. 

The  table  already  referred  to  also  contains  the  boiling  points  of  some  of  the  higher 
homologues. 

Cetyl  Bromide,  CHjfCHjJjjCHjBr,  melts  at  150. 

On  exposure  to  the  air  the  iodides  soon  become  discolored  by  depo¬ 
sition  of  iodine.  The  iodides  of  the  secondary  and  tertiary  alcohols 
are  easily  converted  by  heat  into  alkylens,  CnH,B  and  HI.  Consult 
A.  243,  30,  upon  the  specific  volumes  of  the  alkyl  iodides. 

Methyl  Iodide,  CH,I,  is  a  heavy,  sweet  smelling  liquid,  boiling 
at  430,  and  has  a  specific  gravity  of  2.19  at  o°.  In  the  cold  it  unites 
with  H,0  to  form  a  crystalline  hydrate,  2CH,I  -f-  H,0. 

Ethyl  Iodide,  C,H5I,  is  a  colorless,  strongly  refracting  liquid, 
boiling  at  720  and  having  a  specific  gravity  of  0.975  at  o°.  It  was  dis¬ 
covered  by  Gay-Lussac  in  1815.  It  is  prepared  similarly  to  ethyl  bro¬ 
mide. 

Propyl  Iodide,  C,H.I,  from  propyl  alcohol,  has  a  specific  gravity  of  1. 7427  at  20°. 

Isopropyl  Iodide,  C,H,I,  is  formed  from  isopropyl  alcohol,  pro¬ 
pylene  glycol,  C,Ht(OH)„  or  from  propylene,  and  is  most  conveni¬ 
ently  prepared  by  distilling  a  mixture  of  glycerol,  amorphous  phos¬ 
phorus,  and  iodine  (A.  138,  364)  : 

CjHs  (OH),  +  5HI  =  C,H.I  +  2 1,  +  3H,0. 

Here  we  have  allyl  iodide,  CH,  =  CH — CH,I,  produced  first  (see 
below),  and  this  is  further  changed  to  propylene,  CH,  =  CH — CH„ 
and  isopropyl  iodide. 

Isopropyl  Iodide  boils  at  89.5°,  and  has  a  specific  gravity  of 
1.7033  at  200. 

The  boiling  points  of  some  of  the  higher  alkylogens  will  be  found  in  the  pre¬ 
ceding  table.  Cetyl  iodide,  CH,.  [CH,]UCH,I,  melts  at  22°,  and  myricyl  iodide, 
at  70°, 


II.  HALOID  ESTERS  OF  THE  UNSATURATED  ALCOHOLS. 

Only  the  haloid  esters  of  the  most  important  olefine  and  acetylene  alcohols  will 
be  given  ;  they  are  the  allyl  haloids  and  the  propargyl  haloids.  The  former  are 
prepared  from  allyl  alcohol  by  methods  similar  to  those  employed  for  the  preparation 
of  the  coiresponding  compounds  from  ethyl  alcohol.  They  are  isomeric  with  the 

P-  propylenes  (p.  105),  from  which  they  are  distinguished  by  their 

adaptability  for  double  decompositions: 


Formula. 

Boiling 

Point. 

Sp.  Gravity. 

Allyl  Fluoride  (B.  24,  R.  40), 
Allyl  Chloride,  .... 

Allyl  Bromide, . 

Allyl  Iodide, . 

CH,  =  CH.CH,F1 

CH,  =  CH  .  CH.C1 

CH,  =  CH  .  CH*Br 

ch,=ch.ch|i 

— IO° 

46° 

71° 

IOI° 

0-9379  (20°) 
1.461  (  o°i 
1.789  (160) 
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The  allyl  haloids  art'  liquids  with  Irek-like  odor.  Allyl  chloride,  heated  to  ioo° 
with  llCl,  yields  propylene  chloride,  CH« .  CHC1 .  C114C1.  Allyl  bromide,  heated  to 
loo0  with  II Hr,  passes  into  trimethylene  bromide,  Clls15r.  CH, .  CH,Br.  The  addi¬ 
tion  of  halogens  produces  glycerol  trihaloid  esters. 

Ally l  Muir* — This  is  most  frequently  used.  It  is  readily  prewired 
from  glycerol  by  the  action  of  III,  or  iodine  and  phosphorus. 

It  may  be  supposed  that  at  first  CH*l .  CHI .  CHS1  forms,  but  is  sub¬ 
sequently  decomposed  into  allyl  iodide  and  iodine.  (Preparation : 
A.  185,  191  ;  aa(5,  ao6.)  With  excess  of  HI  or  phosphorus  iodide, 
allyl  iodide  is  further  converted  into  propylene  and  isopropyl  iodide 
(see  above). 

tty  continued  shaking  of  allyl  iodide  (in  alcoholic  solution)  with  mercury,  C.H5lIgI 
separate*  in  colorless  leaflets  (see  mercury  ethyl).  Iodine  liberates  pure  allyl  iodide 


front  ibis : 


0,U4llgl  +  lt  =  C,H4I  +  Hg!t. 


Alcoholic  potash  converts  allyl  iodide  into  allyl  ethyl  ether.  \\  ith 
potassium  sulphide  it  yields  a/ivi  sulphuir  (p.  15°)  >  with  potassium 
sulphocvanide,  (t/M  $utf'h{>c\\iniiir*  which  jxtsses  readily  into  allyl 
mustard  oil  (see  this).  Allyl  iodide  has  also  been  used  in  the  syn¬ 
thesis  of  unsaturated  alcohols. 


Name, 


IVopargvl  Chloride  (IV  8,  398),  . 
IVpargyl  Bromide  (IV  7,  701 1,  . 
IVopargvl  Iodide  (IV  7,  113a),  . 


Propargyl  chloride  is  produced  when  phosphorus  trichloride 
upon  propargvl  alcohol. 


t«.  KSTKRS  OF  NITRIC  ACID. 


Thev  are  prepared  bv  the  interaction  ot  alcohols  and  nftne.uu 
Nitrous  acid  is  always  produced.  It  is  a  consequence  o  o\u  ».i  ^ 
secondary  reactions,  and  may  be  destroyed  by  the  addition  o  u 

t\X(Nlt,)l  |  allNO,  -b  +  ou»°' 

When  much  nitrous  acid  is  present,  it  induces  the  dnonq  . 
die  nitric  acid  ester,  anil  causes  explosions. 


Vfhvl  nitrate  is  a  eolodos*.  pte.i  ml  smelling  lupuvt,  ihmu 
*l'ecit\v  gravlt)  v>t  i.iu.al  is  '  It  i»  almost  intoluhie  m 
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white  light.  It  will  explode  if  suddenly  exposed  to  high  heat.  Heated  with 
ammonia,  it  passes  intoethylamine  nitrate.  Tin  and  hydrochloric  acid  convert  it  into 
hydroxylamine. 

The  propyl  ester,  C3H7 . 0  .  N02,  (B.  14,  421)  boils  at  HO°,  the  isopropyl  ester  at 
IOI-1020,  and  the  isobutyl  ester  at  1 23°. 


C.  ESTERS  OF  NITROUS  ACID. 


These  are  isomeric  with  the  nitro-paraffins.  The  group  N02  is 
present  in  both;  while,  however,  in  the  nitro-compounds  nitrogen  is 
combined  with  carbon,  in  the  esters  the  union  is  effected  by  oxygen  : 


C2H5.N02 

Nitro-ethane. 


c2h5  .  o  .  no. 

Nitrous  Ethyl  Ester. 


The  nitrous  esters,  as  might  be  inferred  from  their  different  structure, 
decompose  into  alcohols  and  nitrous  acid  when  acted  on  by  alkalies. 
Similar  treatment  will  not  decompose  the  nitro-compounds.  Nascent 
hydrogen  (tin  and  hydrochloric  acid)  converts  the  latter  into  amines, 
while  the  esters  are  saponified. 

Nitrous  acid  esters  are  produced  in  (1)  the  action  of  nitrous  acid  upon  the  alcohols ; 

2  ur,  uC?°n  °f  a  kyl  iodides  uPon  siIver  norite  (B.  25,  R.  571 ).  Nitro-paraffins, 
with  high  boiling  points,  are  formed  simultaneously. 

J?®thyL^i-rite;T^itrOUS  Methyl  Ester>  CH3.0.  NO,  boils  at  —12°. 

Ethyl  Nitrite,  Nitrous  Ethyl  Ester,  C2H5.  O.  NO,  is  a  mobile,  yellowish  liquid, 

S^eCI  C  £ra^i  y  °-947>  &t  I5°>  &nd  boils  at  -|-l6°.  It  is  insoluble  in  water,  and 
JridZd  Z  odor  resembhng  that  of  apples.  It  is  obtained  by  the  action  of  sulphuric 

dientof  Tp^TcetTTnrZS.  (A*  253’251  Anm^  11  *  the 
eliminateH -^nn  nkr'tf  s.tands  w*th  water  it  gradually  decomposes,  nitrogen  oxide  being 
into  a S°me  COndkLs-  Hydr^n  SU'Phide 

tertiar^qCHj,  ,1 O^NO^Vo0  ‘  N°’  b°Hs  at  75°’the  secondary  a‘  68°,  and  the 

alcohol  with  nitric  11 '  *n  °jt,a'ned  ^y  the  distillation  of  fermentation  amyl 

explosion  takes  nlare  wZ'fi  ow  l9u,d  boiling  at  96°;  its  specific  gravity  is  0.902.  An 
it  into  amyl  alcohol  and  60  16  '  aP°/f  are  heated  to  250°.  Nascent  hydrogen  changes 
methyl  nk  im^nd  amyl  alcoZl '  Wjlh. methyl  alcoho1’  k  *  transformed  into 

(B.  20,  656)  7  °ho1'  The  result  is  the  same  if  ethyl  alcohol  be  used 

tion  0/ nitroso-’and  dmzZcompounZ  ^  “  medicine>  and  also  for  the  prepara- 

Note.— Diazo-ethoxane,  C, HK0  N  — N  c\  n  u  ,  „ 

of  ethyl  iodide  and  nitrosyl  silver’  tNOA^  U  *THHV  results  from  the  interaction 
(B.  11,  1630).  '  2 '2*  It  ls  the  ester  of  hyponitrous  acid 

a.  esters  of  sulphuric  acid. 

(I)  The  neutral  esters  are  formal  ,u 

sulphate,  SO  Ag2 ;  they  are  also  produced  VsHahZ  the  alkyl  iodides  uPon  silver 
esters  or  alcohols  with  sulphuric  acid  Th  ^1  <luantity,  on  heating  the  primary 
the  product,  and  are  heavy  liquids  soluble^  Je  extracted  with  chloroform  from 
permint,  and  boil  without  decomposition  TV.  1Cr’  P°ss?ss  an  odor  Hke  that  of  pep- 
decompose  into  a  primary  ester  and  alcohol  •  Cy  W*  ^  S*nk  *n  Water>  and  gradually 
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SO,<“;c§  +  HI0  =  S0]<g^H=  +  C2H5.0H. 

The  Dimethyl  Ester,  SCyO .  CH3)2,  boils  at  i88°.  The  diethyl  ester ,  S02(0.C2H5)2, 
boils  at  2o8°.  It  is  formed  also  from  S03  and  (C2H5)20,  and  when  heated  with  alco¬ 
hol,  ethyl  sulphuric  acid  and  ethyl  ether  are  produced  (B.  13,  1699  ;  15,  947). 

(2)  The  primary  esters  or  ether-acids  are  produced  (1)  when  the 
alcohols  are  mixed  with  concentrated  sulphuric  acid: 


scyoH),  +  C,II5 .  OH  =  SO,<  °hC*H‘  +  11,0. 

The  reaction  takes  place  only  when  aided  by  heat,  and  it  is  not  complete,  because 
the  mixture  always  contains  free  sulphuric  acid  and  alcohol  (compare  p.  137).  The 
reaction  does  proceed  to  completion  if  the  alcohol  be  dissolved  in  very  little  sulphuric 
acid  and  SO,  in  the  form  of  fuming  sulphuric  acid  be  then  allowed  to  act  upon  the 
well-cooled  solution  (B.  28,  R.  31).  To  isolate  the  ether-acids,  the  product  of  the  reac¬ 
tion  is  diluted  with  water  and  boiled  with  an  excess  of  barium  carbonate.  In  this 
wav  the  unaffected  sulphuric  acid  is  thrown  out  as  barium  sulphate ;  the  barium  salts 
of  the  ether- acids  are  soluble  and  crystallize  out  when  the  solution  is  evaporated. 
To  obtain  the  acids  in  a  free  state  their  salts  are  treated  with  sulphuric  acid  or  the 
lead  salts  (obtained  by  saturating  the  acids  with  lead  carbonate)  may  be  decomposed 
by  hydrogen  sulphide,  and  the  solution  allowed  to  evaporate  over  sulphuric  acid 

Even  secondary  alcohols,  by  careful  cooling  of  the  components,  are  capable  of 
forming  ether  sulphuric  acids— e.  g.t  ethyl  propyl  carbinol  (B.  26, 

(2)  The  ether  adds  also  result  from  the  union  of  the  alkylens  with  concentrated 

sulphuric  acid. 

Properties.  — These  acids  are  thick  liquids,  which  cannot  be  distilled. 
They  sometimes  crystallize.  They  dissolve  readily  in  water  and  alcohol, 

but  are  insoluble  in  ether.  .  .  1 

(1)  When  boiled  or  warmed  with  water  they  break  dow  n  into  su - 

phuric  acid  and  alcohol : 

so*<ohC,Hs  +  H*°  =  S0‘Hj  +  C’H=- 0H- 

(2)  When  distilled,  they  yield  sulphuric  acid  and  alkylens  (p.  9*)- 

(3)  Upon  heating  them  with  alcohols,  simple  and  mixed  et  (P- 

.cu r“,  laf 1 vK 

quite  readily  in  water,  and  crystallize  withou  grea  boiled  with 

gradually  change  to  sulphates  and  alcohol  w  len  )  different  reac- 
water.  Those  with  the  alkalies  are  frequent  y  app  1  thio-ethers 

tions.  Thus  with  KSH  and  K*S  they  yield  mercapUns  and 
(p.  149)  ;  with  salts  of  fatty  acids  they  furnish  esters,  and  with  KUJN 

the  alkyl  cyanides,  etc. 

Methyl  Sulphuric  Acid ,  S04(CH3)H,  is  a  thick  oil.  oart  alcohol  with  2 

Ethyl  Sulphuric  Acid ,  S04(C2H5)H,  is  obtaine  >  H-)K,  is  anhydrous; 

parts  concentrated  sulphuric  acid.  The  potassium  sa  ,  -  2  jn  iarge'  tablets 

it  crystallizes  in  plates.  The  barium  and  calcium  salts  crystallize  B 

with  two  molecules  of  H20  each  (A.  218,  300).  .  q. 

The  chlorides  or  Moranhydridcs  of  the  ether  sulphuric  acids  (-0,<cl  ‘  )• 
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called  esters  of  chlorsulphonic  acids,  result  in  (1)  the  action  of  sulphury!  chloride 
upon  the  alcohols : 

C,H5 .  OH  +  S02C12  =  S02<°  ‘  C*H*  +  HC1 ; 

Chloride  of  Ethyl 
Sulphuric  Acid. 

(2)  by  the  action  of  PC15  upon  salts  of  the  ether  acids  ;  (3)  by  the  union  of  the  olefines 
with  Cl.  SOjH;  (4)  by  the  union  of  S03  with  the  alkyl  chlorides;  and  (5)  by  the 
action  of  S02  upon  the  esters  of  hypochlorous  acid  (B.  19,  860)  : 

so2  +  cio .  c2h5  =  so2<  g1  CzH_ 

All  are  liquids  with  penetrating  odor.  Cold  water  decomposes  them  very  slowly, 
with  the  formation  of  the  ether  acids.  These  they  yield,  together  with  ethyl  chlorides, 
on  adding  alcohol  to  them.  The  reaction  is  rather  energetic. 

Chloride  of  Ethyl  Sulphuric  Acid,  C2H5 .  O .  S02C1,  boils  at  about  1520.  Methyl 
Sulphuric  Chloride,  CH3 .  O .  S03C1,  boils  at  1320. 


E.  ESTERS  OF  SYMMETRICAL  SULPHUROUS  ACID. 

The  empirical  formula  of  sulphurous  acid,  S03H2,  may  have  one  of 
two  possible  structures : 


cq^OH 

bU<OH 

Symm.  Sulphurous  Acid. 


or 


HS02.0H. 


Unsymm.  Sulphurous  Acid. 


The  ordinary  sulphites  correspond  to  formula  2,  and  it  appears  that 
in  them  one  atom  of  metal  is  in  direct  combination  with  sulphur: 


Ag .  S02 .  OAg 
Silver  Sulphite. 


K  .  SO,  .  OH. 
Prim.  Pot.  Sulphite. 


-  sulphite,  AgS02 .  OAg,  when  acted  upon  by  ethyl  iodide, 
yields  the  ethyl  ester  of  ethyl  sulphuric  acid,  C2H5 .  SOs .  C2H5,  which 

Si11?  °ffiain  Cthy  Sr°up  when  treated  with  caustic  potash,  and  yields 

mercaDtan  H  ’  i;-^5  •  S0^H,  the  oxidation  product  of  ethyl 

fhe  sulPhoacids*  nd  their  esters,  which  must  be 

after  the  mercapta^™™^''^  sulPburous  acid>  *>e  described 
Esters  of  Symmetrical  Sulphurous  Acid. 

sulphu'rmomjdiloride^S^Ch^uEwri^alcohoU1:011^  CMoride-  S0CI«  <A’  93)'  * 

SOC1,  +  2C,Hj .  OH  =  SO<°  •  C,HS  +  2HC1  and 

S’C’  +  3C=H‘ '  0H  =  S0<8 : 8181  +  C.HS .  SH  +  2HC1. 

The  sulphites Pthus  produced'are* volatih! |y  form' ed  sustains  further  decomposition, 
resembling  that  of  peppermint  and  lclulds»  insoluble  in  water,  with  an  odor 

into  alcohols  and  sulphurous  acid  deCOmP°sed  by  water,  especially  when  heated, 

Suiphurous  Methyl  Ester,  S0(0 .  CH.,„  methyl  su.phite,  hoi,s  a,  I2I. 
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The  Ethyl  Ester,  S0(O .  C,H,)„  boils  at  161°.  Its  specific  gravity  at  o°  is 
,.106.  PCI,  converts  it  into  the  chlorid',  SO<g'  ^  a  liquid  boiling  at  122°,  and 
v  crsri  hv  Wfltpr  into  alcohol,  SO*  and  HC1.  It  is  isomeric  with  ethyl  sulphonic 

Chloride,  C,Hj.  SO, Cl  (p.  153)-  °n  mi*inS  the  est"  a  dilute  soluUon  of  the 
equivalent  amount  of  KOH,  a  potassium  salt,  SO.<"^  6,  separates  in  glistenmg 

scales.  This  is  viewed  as  a  salt  of  the  unstable  ethyl  sulphurous  acid. 


F.  ESTERS  OF  HYPOCHLOROUS  AND  PERCHLORIC  ACIDS. 

T.  Peters  of  hvnochlorous  acid,  CIOII,  form  on  mixing  concentrated  aqueous 

‘'^iXpochS/Lti'^;  Ethyl5'  Hypochlorite,  C.OC,H„  boils  a. 

36 Sulphur  dioxide  converts  these  esters  into  chlorsulphomc  esters  (p.  146),  while 

with  KCN  they  yield  chlorimido-carbomc  acid  esters  (see  ti  ). 


G.  ESTERS  OF  BORIC  ACID,  ORTHO-PH^SPHOR^^ACID^SYM^^^ 
PHOROUS  ACID,  ARSEthe  sil?cicYac'ids. 

,  r  tipi  DOC1  PCIqi  AsBfqi  SiC14, 

These  esters  are  obtained  by  the  action  o  3\  ii?jes  saponify  them  with 

Si2OCl6  upon  alcohols  and  sodium  alcoholates.  .1  „  jnorcranic  acids.  Most 

the  production  of  alcohols  and  alkali  salts  of  the  respective  inorganic 

of  them  are  decomposed  entirely  or  in  part  by  wa  er. 

Triethyl  Phosphoric  Ester,  10(0.  Cf*?6/8’r  n  x  boils  at  19I0. 

Sym.  Triethyl  Phosphorous  Ester,  1  (  \ 1  •  2  an(j  hypophosphorous 

For  the  alkylized  derivatives  of  asymmetrical  P^.r’Xspbtoel  and  phos- 
acids-the  phospho-  and  phosphinic  ac.ds-compare  the  pno  p 

phorus  bases  (see  these).  _  TT  .  ,  .lc  ot  ~-,t°  and  results  from  the 

Triethyl  Arsenic  Ester,  AsOfO .  C,H,)„  bods  at  235  , 
interaction  of  silver  arsenate  and  ethyl  U'du  e.  t 

Sym.  Triethyl  Arsenious  Ester,  As(U  2  -  corresponding  to  the 

Compare  Arsmk  bam  (see  these)  for  arsenic  derivatives 

phospho-  tend,  phosphinic  acids.  ...  .  ¥aco.  Si(OCHo)4,  at  1 20-122  . 

Ethyl  Ortho-silicic  Ester ,  Si(0  .  C,H.)4.  boils  at  165  ,  b.(L  3/* 

Ethyl Disilicic  Ester ,  Si20(0  .  CjHe).,  boi  s  a  3 ,  ^o0.  ...  • 

Ethyl  Metasilicic  Ester,  SiO(0  .  C2I15)2,  h  ‘  -pbe  ortho-  and  metasi  iLl, 
The  silicic  esters  burn  with  a  brilliant  whi  e  '  carb0nic  acid  esters:  C(0  2 

esters  correspond  to  the  ortho-  and  meta-  or  01 
1I5)4  and  CO(()CaH6)2. 


3.  SULPHUR  DERIVATIVES  OF  THE  ^“^^f^llic  hy- 

The  sulphydrates  and  sulphides  correspon  ^  the  alcohols  and 
dioxides  and  oxides,  while  the  sulphur  ana  (  ^  ctjiers  or  alkyl- 

ethers  are  the  thio-alcohols  or  mercaptans  a 
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sulphides ,  and  the  alkaline  polysulphides  find  their  analogues  in  the 
alkyl  polysulphides : 


H) 

HJ 

r°« 

Nal 

Hj 

Nal 
Na  j 

f°- 

C2H51 

C2H5j 

H  | 
H  j 

[3; 

Nal 
H  j 

[S; 

Na  1 
Naj 

[S; 

C2H51 
C,H,  j 

fs 

Ethyl  Sulphydrate. 

Nal 

Naj 

Ethyl  Sulphide. 

IS,; 

C2H5j 

►  s. 

Ethyl  Disulphide. 


A.  Mercaptans,  Thio-alcohols,  or  Alkyl-sulphydrates. — 

Although  the  mercaptans  closely  resemble  the  alcohols  in  general,  the 
sulphur  in  them  imparts  additional  specific  properties.  In  the  alcohols 
the  Hof  OH  is  replaceable  by  alkali  metals  almost  exclusively;  in 
the  mercaptans  it  can  also  be  replaced  by  heavy  metals.  The  mercap¬ 
tans  react  very  readily  with  mercuric  oxide,  to  form  crystalline  com¬ 
pounds: 

2C2H5 .  SH  +  HgO  =  (C2H5 .  S)2Hg  +  H20. 

Hence  their  designation  as  mercaptans  (from  Mereurium  eaptans). 
The  metal  derivatives  of  the  mercaptans  are  termed  tnercaptides. 

The  methods  for  their  formation  are : 

(1)  By  the  action  of  the  alkylogens  upon  potassium  sulphydrate  in  alcoholic 
solution : 

C2H5C1  +  KSH  =  C2H5  .  SH  +  KC1. 

(2)  By  distilling  salts  of  the  sulphuric  esters  with  potassium  sulphydrate  or  potas¬ 
sium  sulphide  (see  p.  145)  : 

S°2<okC2H5  +  KSH  =  C2H5 .  SH  +  S04K2. 


The  neutral  esters  of  sulphuric  acid— e.g.,  S02(O.C2H5)2  (p.  145)— also  yield 
mercaptans  when  heated  with  KSH.  2V  2  5/2  J 

^ ■  '\(^'rect  replacement  of  the  oxygen  of  alcohols  and  ethers  by  sulphur  may  be 
attained  by  phosphorus  sulphide :  v 

5C2H5OH  +  P2Sj  =  5C2H5  .  SH  +  P2Os. 

(4)  By  reduction  of  the  chlorides  of  the  sulphonic  acids  (see  these): 

C2H5 .  S02C1  -f  6H  =  C2H5SH  +  HC1  -f  2H20. 

This  reaction  recalls  the  reduction  of  the  acid  chlorides  to  primary  alcohols. 

ar ^colo Hess  m  T^ansPosl^ °ns  of  the  Mercaptans. — The  mercaptans 

in  possess  1  dis- 

iodine  converts  tb^mercaptans'o^merc1'1?^  -su,phuric  acid-  sulphuryl  chloride,  or 

(2)  When  oridM  S  “Sc  ,Sl  ,n,°  dis“>Phid's  »>««)• 

Conversely,  the  mercaptans  result  hv  ti.  ’  *  ^  mercaPtans  yield  the  sulphonic  acids. 

(3)  By  their  union  with  aldehydes  ^ndlS00  sulp^onic  acids- 

captols , — f.  p-  CH.CHfSC  TT  \  ^  there  result  merraptals  and  mer- 

conclusion  of  the  aldehydes 'and tetows '(2e S«e)2,~WhiCh  WU*  be  treated  "  the 
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rr*  ,  c  •  r  ,r  tns  :s  the  principal  ingredient  of  the  oil  of  Allium  ursinum , 

if  boilfa.  iol»;its  specific  gravity  is  0.9,25 
“forms  (C.H.Br, .,SBr,  with  sis  atoms  of  bromine.  Silver  ox.de  changesit  to  vinyl 
ether,  (C,H,),0  (p.  136)  (A.  241,  9°)- 

AUyl  Sulphide,  (C,H,),S,  is  the  chief  constituent  of  the  oil  of 
garlic  (from  Allium  sativum ),  and  is  obtained  by  the  distillation  of 
garlic  with  water  (Wertheim,  1844)-  It  occurs  in  many  of  the  Crua- 
fene  It  may  be  prepared  artificially  by  digesting  ally!  iodide  with 
potassium  sulphide  in  alcoholic  solution.  It  is  a  colorless,  disagree- 
able  smelling  oil,  but  slightly  soluble  in  water.  It  boils  at  140°.  It 
forms  crystalline  precipitates  with  alcoholic  solutions  of  H.gCl2  and 
PtCl4.  With  silver  nitrate  it  yields  the  crystalline  compound  (C3H5)2 


S .  2AgN03.  .  ,  .  .  .  . 

Allyl  mustard  oil  is  produced  on  heating  the  mercury  derivative  with 

potassium  sulphocyanide.  Vinyl  mustard  oil  is  prepared  in  an  analo¬ 
gous  manner. 


C.  Alkyl  Disulphides  are  produced  (i)  like  the  alkyl  monosulphides  upon  dis¬ 
tilling  salts  of  the  ethyl  sulphuric  acids  or  alkylogens  with  potassium  disulphide ;  (2) 
by  the  action  of  iodine  or  concentrated  sulphuric  acid  upon  mercaptides  ;  (3)  by  the 
action  of  sulphuryl  chloride  on  the  mercaptans  : 


1.  2S02<gkC>H>  +  K2S2  =  (C2H5)8S,  +  2K.2so4. 

2.  2C2H5SK  +  I2  =C2II5S— S— C,H5  -f-  2KI. 

3.  2C2h5sh  +  S02C12  =  (C2H5)2S2  +  S02  +  2HC1. 


When  bromine  acts  upon  a  mixture  of  two  mercaptans,  mixed  alkyl  disulphides  are 
produced  (B.  19,  3132).  Nascent  hydrogen  reduces  the  alkyl  disulphides  to  mer¬ 
captans,  while  zinc  dust  converts  them  into  zinc  mercaptides : 


(C2H5)2S2  +  Zn  =  (C2H5S)2Zn. 

Mercaptides  result  on  heating  them  with  potassium  disulphide  (B.  19,  3129  ;  com¬ 
pare  also  phenyl  disulphide) ,  and  dilute  nitric  acid  changes  them  to  alkyl  thiosul- 
phonic  esters  (p.  153). 

Methyl  Disulphide ,  (C2H3)2S2,  boils  at  1 12°.  Ethyl  Disulphide,  (C2H5)2S2,  boils 
at  1510.  They  are  oils  with  an  odor  like  that  of  garlic. 

D.  Sulphine  or  Sulphonium  Compounds  (B.  27,  505  Anrn.).  (1)  The  sul¬ 
phides  of  the  alcohol  radicals  (thio-ethers)  combine  with  the  iodides  (also  with 
broniides  and  chlorides)  of  the  alcohol  radicals  at  ordinary  temperatures,  more 
rapidly  on  application  of  heat,  and  form  crystalline  compounds  : 


IV 

-f-  C,I15I  =  (C2H5)3SI. 

Triethyl  Sulphonium  Iodide. 


These  are  perfectly  analogous  to  the  halogen  derivatives  of  the  strong  basic 
radicals  By  the  action  of  moist  silver  oxide  the  halogen  atom  in  them  may  be 
rep  ace  \  ij  rox\  ,  and  hydroxides  similar  to  potassium  hydroxide  be  formed  : 

(C2Hs) sSI  +  AgOII  =  (C2H5)8S .  OH  +  Agl. 


(2)  The  sulphine  or  sulphonium  haloids 
ethers  with  the  halogen  hydrides,  and 
25,  R.  641): 


are  also  obtained  on  heating  the  sulphur 
(3)  the  alkyl  sulphides  with  iodine  (B. 
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ALKYL  SULPHONIC  ACIDS,  ALKYL  THIOSULPHURIC  ACIDS,  ALKYL 
THIOSULPHONIC  ACIDS,  AND  ALKYL  SULPHINIC  ACIDS. 


These  compounds  have  the  general  formulas  : 


R'.  S020H 
C2H5 .  S020H 
Ethyl  Sulphonic 
Acid. 


R'S .  S03H 
C2IIr)S.S03H 
Ethyl  Thiosulphuric 
Acid. 


R'.  S02SH 
CjIIj  .  S02SFI 

Ethyl  Thiosulphonic 
Acid. 


R'.  S02H 
C2H5 .  S02H 
Ethyl  Sulphinic 
Acid. 


F.  Sulphonic  Acids. 

Thesulpho-acids  or  sulphonic  acids  contain  the  sulpho-group  — S02  .  OH,  joined  to 
carbon.  This  is  evident  from  their  production  by  the  oxidation  of  the  mercaptans, 
and  from  their  re-conversion  into  mercaptans  (p.  148).  They  can  be  viewed  as 
ester  derivatives  of  the  unsymmetrical  sulphurous  acid,  HS020H  (p.  146). 

Formation. — (1)  Their  salts  result  from  the  interaction  of  alkaline  sulphites  and 
alkyl  iodides  ;  their  esters  are  formed  when  alkyl  iodides  act  upon  silver  sulphite  : 

K .  S02 .  OK  +  C2H5I  =  C2H5 .  S020K  +  KI 

Potassium  Ethyl  Sulphonate. 

Ag .  S02 .  OAg  +  2C2H5I  =  C2H5 .  S02 . 0  .  C2H5  -f  2AgI. 

Ethyl  Sulphonic  Ethyl  Ester. 

(2)  By  oxidation  of  (a)  the  mercaptans  ;  (b)  the  alkyl  disulphides  ;  (c)  the  alkyl 
thiocyanates  with  nitric  acid  : 


c2h5sh 

[C2H5S]2 
C2H5S .  CN 


1 


C2H. 


so3h. 


(3)  The  alkyl  sulphinic  acids  are  readily  oxidized  to  sulphonic  acids. 

.  ( 4)  T  he  sulpho-acids  can  be  formed  further  by  the  action  of  sulphuric  acid  or  sulphur 
trioxide  upon  alcohols,  ethers,  and  various  other  bodies.  This  reaction  is  very 
common  with  benzene  derivatives  and  proceeds  without  difficulty. 

Properties  and  Transpositions— These  acids  are  thick  liquids,  readily.soluble  in 
u  &  genera,ly  crystallizable.  They  suffer  decomposition  when  exposed  to 

heat,  but  are  not  altered  when  boiled  with  alkaline  hydroxides.  When  fused  with 
solid  alkalies  they  break  up  into  sulphites  and  alcohols : 

P2H5 .  S02 .  OK  +  KOH  =  KS02 .  OK  -f  C2H5 .  OH. 

through  c^dor'des>  f-  S-  >  C2H5  •  S02C1, — which  become  mercaptans 

neutral  esters— C2H5  [  SO^C^  aCt‘°n  °f  S°diUm  alcoholates  P*55  into  the 

directly^combined  with'the  ’nd‘cate  that  in  the  sulphonic  acids  the  sulphur  is 

the  one  metallic  atom  ;«  A  &  ?i  S’  a™  j^at  Ver^  Pr°hably,  therefore,  in  the  sulphites 

conT't1  th^ "  ^  the  ^  of^ymme^tric^l^sulphurous  Affixes 

CSterS  °nly  °nC 

.84^  from  2SSS°d£aIoMal;  ^  pKxmred  by  Kolbe  in 

sulphonic  chloride,  which  was’  chaneeTto converted  the  latter  into  trichlormethyl 
reduced  by  sodium  amalgam  to  methyl  suKhnm*  COIT*sP.ond,ng  ac,d.  and  the  Iattejr 
from  trichlor-acetic  acid  (see  this)  {,^  54  ^74  ) .  aC‘d’  Just  as  acetlc  acid  1S  oljtained 

C  +  2S  =  cs*  - ^  CCI3 .  S02C1 


CC13 .  SO3H - ^  Cl  I, 


sosH. 


Barium  Salt,  (CH^SO  VBa  ^lll^d?scussed  later,  after  carbonic  acid, 
boils  at  1600.  2  +  AUi O.  Methyl  Sulpho-chloride,  CH3 .  S02C1, 
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Ethyl  Sulphonic  Acid,  C  H  SOsH,  is  oxidized  by  concentrated  nitric  acid  to 
ethyl  sulphuric  acid,  C2H50  .  S03H  (p.  144). 

Its  lead  salt  (C,H6  .  SO.)  JPb,  is  readily  soluble.  Its  chloride ,  C.H, .  SO,Cl,  boils  at 
1 770.  Its  methyl  ester ,  C2H5S03CH3,  boils  at  198°.  Its  ethyl  ester ,  CH,  .SO,  C  H 
boils  at  2 1 3. 40.  .  2  5  3’  2 


G.  Alkyl  Thiosulphuric  Acids. 

I*  Fhe  well-crystallized  alkali  salts  of  these  acids  are  made  by  acting  upon  alka¬ 
line  hyposulphites  with  primary  saturated  alkyl  iodides  (B.  7,  646,  1157)  or  alkyl 
bromides  (B.  26,  996) :  7 

C2Hbl  +  NaS .  SOsNa  =  C2H5S  .  S03Na  +  Nal. 

Sodium  ethyl  thiosulphate  is  called  Bunte' s  salt ,  after  its  discoverer.  (2)  It  also 
results  when  iodine  acts  upon  a  mixture  of  sodium  mercaptide  and  sodium  sulphite : 

C2H6SNa  +  NaSOsNa  +  I2  =  C2H5S.  S03Na  -f-  2NaI. 

The  free  acids  are  not  stable.  Mineral  acids  convert  sodium  ethyl  thiosulphate 
into  mercaptan  and  primary  sodium  sulphate.  Heat  breaks  down  the  salts  into 
disulphides,  neutral  potassium  sulphate,  and  sulphur  dioxide. 


H.  The  Alkyl  Thiosulphonic  Acids. 

These  acids  are  only  stable  in  salts  and  esters.  They  are  formed  by  the  action  of  the 
chlorides  of  sulpho-acids  upon  potassium  sulphide  :  C2H5  .  S02C1  +  K2S  =  KC1  + 
C2H5 .  S02 .  SK.  The  esters ,  R  .  S02SR,  of  this  new  class  were  formerly  called  alkyl 
disulphoxidesy  R2S202,  and  are  obtained  (1)  from  the  alkali  salts  by  the  action  of 
the  alkyl  bromides  (B.  15,  123)  :  C2II5.  S02  .  SK  +  C2H5Br  =  C2H5  .  S02 .  SC2H5  + 
KBr;  and  (2)  by  the  oxidation  of  mercaptans  and  alkyl  disulphides  with  dilute 
nitric  acid :  (C2H5)2S2  +  02  =  C2H5  .  S02  .  SC2PI5.  These  esters  are  liquids,  insoluble 
in  water,  and  possessed  of  a  disgusting  onion-like  odor  (B.  19,  1241,  3131).  Ethyl 
Thiosulphuric  Ethyl  Ester,  C2H5  .  S02 .  S .  C2H5,  boils  at  I30°-I40°. 


I.  Esters  of  Hydrosulphurous  Acid — Sulphinic  Acids. 


Two  structural 

H  VI 


-  IV  TT  VI 

tormulas  are  possible  for  hydrosulphurous  acid:  H  .  SO  .  OH  and  jj^>S02.  Re¬ 


place  one  hydrogen  atom  and  the  sulphinic  acids  result,  e.  g. ,  (1)  C2H5 
C„Hc 


IV 

SO. OH  or 


VI 


(2)  H'“5>S02- 

The  true  alkyl  sulphinic  esters  are  derived  from  the  first  formula 


can  be  referred  to  the  second  formula  (p.  151). 
follows : 


The  sulphones 
The  sulphinates  are  produced  as 


(*) 

(?) 

result. 

(3) 

(*) 

2) 

(3) 


By  the  oxidation  of  the  dry  sodium  mercaptides  in  the  air. 

When  S02  acts  upon  the  zinc  alkyls,  the  sulphinic  acids  (their  zinc  salts) 


When  zinc  acts  upon  the  chlorides  of  the  sulphonic  acids : 

C2H5SNa  +  20  =  C2tf5S02Na 
(C2II5)2Zn  +  2S02  =  [C2H5S02]2Zn 
r  .  2C2H5S02C1  +  2Zn  =  [C2H5S02]2Zn  +  ZnCl2. 
u  su^P^ones  (p*  J51)  ar^  produced  in  the  action  of  alkyl  iodides  upon  the 
a  .  ahne  sulphonates,  while  the  real  esters  result  from  the  etherification  of  the  acids 
'N,t  1  alcohol  and  hydrochloric  acid,  or  by  the  action  of  chlorcarbonic  esters  upon  the 
sulphinates  (B.  18,  2493) :  R.  S02Na  +  Cl .  C02R  =  R  .  SO .  OR  +  C02  +  NaCl. 

len  ^hese  esters  are  saponified  by  alcohol  or  water  they  break  down  into  alcohol 
an  sulphinic  acid,  while  the  isomeric  sulphones  are  not  altered.  The  free  sulphinic 
j*c,c  s  are  liquids ;  not  very  stable  ;  they  rapidly  oxidize  to  sulphonic  acids. .  Potassium 
permanganate  and  acetic  acid  convert  the  sulphinic  esters  into  sulphonic  esters  (  . 

I225)>  whereas  the  isomeric  sulphones  remain  unchanged. 
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4.  SELENIUM  AND  TELLURIUM  COMPOUNDS. 

These  are  perfectly  analogous  to  the  sulphur  compounds. 

Etby.1  Hydroselenide,  C2H5.SeH,  is  a  colorless,  unpleasant-smelling  very 
mobile  liquid.  It  combines  readily  with  mercuric  oxide  to  form  a  mercaptide.  *  7 

Ethyl  Selenide,  (C2H5)2Se,  is  a  heavy,  yellow  oil,  boiling  at  io8°.  It  unites 
directly  with  the  halogens,  g->  (C2lI5)2SeCl2.  It  dissolves  in  nitric  acid  with  for- 
mation  of  the  oxide,  (C2H5)2SeO,  which  yields  the  salt.  (C2H5)2Se(NOA. 

.are  not  known.  Methyl  Telluride,  (CH3)2Te,  boils  at 
dkf.Mrn  a"d  Ethyl  Telluride,  (C2H5),Te,  boils  at  137. 50.  They  are  obtained  by 
d istilhng  barium  alkyl  sulphate  with  potassium  telluride.  They  are  heavy,  yellow 

TecJctS  (CH!)!Te(NOi)!,  (CH,,, 

Tn  V elluriu,r?  (CH3)2TeO,  is  a  crystalline  efflorescent  compound. 

ammnnK  rCSembleS  and  PbO.  It  reacts  strongly  alkaline,  expels 

mmonia  from  ammonium  salts,  and  forms  salts  by  neutralizing  acids. 


5.  NITROGEN  DERIVATIVES  OF  THE  ALCOHOL  RADICALS. 

A.  mononitro-paraffins  a^d  OLEFINES,  halogen  mononitro- 

rAKAFFINS, 

By  mtro-bodies  are  understood  compounds  of  carbon  in  which  the 

arnnngMnCOm^ned  wulth  the  latter  is  rePlaced  b7  the  univalent  nitro- 
fflio  f  f,lhe.carbJon.  1S  directly  united  to  the  nitrogen,  as  the 
reduction  of  the  mtro-derivatives  yields  amido-compounds : 

R'.  N02  +  6H  =  R'.  NH2  -f  2H20. 

are^eldilvr^5^  KrieS-the  hydroSen  atoms  of  the  benzene  nucleus 
are  readily  replaced  by  mtro-groups,  e.g.  : 

C«H6  +  N020H  =  C#HjN02  +  H20. 

Nitrobenzene. 

mtStha”e,andThatCinmnitlrnh.lnVeSllgj'°nS  have  showl1  ll>at  the  nitro-group  in 
6.55*;  coip^t  ‘,5%  &Tb“£'  R  "?  have  **  same  structure  ,Z.  ph  Ch. 

nitro-paraffins.  '  •  »  R.  153*  upon  the  heat  of  combustion  of  the 

ditions^Th^is^narr  °l7  ***  <^'rectl)'  nitrated  under  certain  con- 
tertiary  carton  ‘ItZ wh,e,n  ‘L'e  Stance  contains  a 

derivatives ^"fatty  hydrocarbons'— °f  the  mononitr?' 

heating  the  iodides  of  the  alcohol  rad  cals  "hh^il  a"ef  7  77^7 
•87*)  (A.  171,1;  175,  88;  180,  „  r  )  .  nitrite  (K  Meyer, 

C,HSI  +  AgNO,  =  C,1I5.  NO,  +  Agl. 


NITROGEN  DERIVATIVES  OF  THE  ALCOHOL  RADICALS. 


x55 


The  isomeric  esters  of  nitrous  acid,  such  as  C2H5 .  O .  NO,  arise  (B.  15,  1547)  in  this 
reaction.  From  this  we  would  infer  that  silver  nitrite  conducted  itself  as  if  appar¬ 
ently  consisting  of  AgN02  and  Ag.  O.  NO.  (Potassium  nitrite  does  not  act  like 
AgN02.)  Since,  however,  CH3I  only  yields  nitromethane,  and  the  higher  alkyl- 
iodides  decompose  more  readily  into  alkylens,  the  greater  the  quantity  of  nitrous  acid 
esters,  it  would  appear  that  the  formation  of  esters  is  influenced  by  the  production  of 
alkylens,  which  afterward  form  esters  by  the  union  with  HN02  (A.  180,  157,  and 
B.  9,  529).  Possibly  the  alkylogens  add  themselves  directly  to  the  nitrogen,  or  in 
consequence  of  an  opening-up  of  the  double  N  =  O  union. 

(3)  Simultaneously  with  the  discovery  of  method  2,  Kolbe  demonstrated  that 
nitromethane  resulted  from  the  action  of  potassium  nitrite  upon  chlor-acetic  acid. 
The  first  product  in  this  instance  was  nitro- acetic  acid,  which  broke  down  into  carbon 
dioxide  and  nitromethane  (J.  pr.  Ch.  [2]  5,  427) : 

CH2C1 .  C02H  - ^  [CH2(N02) .  C02H]  - >*  CH3N02  +  C02. 

(4)  By  a  nucleus-synthesis :  Zinc  alkyls,  acting  upon  chlor-  and  brom-nitro- 
paraffins,  produce  mononitro-paraffins  (B.  26,  129)  : 

Zn(CH3)2 

CHS .  CHBrN02  - - - CH3.  CH(N02)  .  CH3,  Secondary  Nitropropane. 

Zn(CH3)2  .  T.  , 

CC13 .  N02  - ^  C .  N02(CH3)3,  Tertiary  Nitrobutane. 


Properties  and  Transpositions  of  the  Nitro -paraffins.  The  nitro- 
paraffins  are  colorless,  agreeably-smelling  liquids,  which  are  sparingly 
soluble  in  water.  They  distil  without  decomposition,  and  only  explode 
with  difficulty.  Their  boiling  points  lie  considerably  higher  than 
those  of  the  corresponding  nitrous  esters  (p.  144)*  . 

(1)  Caustic  potash  and  soda  do  not  decompose  the  nitro-paramns. 
They  readily  break  down  the  isomeric  nitrous  esters  (p.  M4)  "lto 
nitrous  acid  and  alcohol.  It  is  remarkable  that  the  mtro-paraftns 
deport  themselves  like  acids,  thus  differing  from  the  halogen  su  >stitu 
tion  products.  An  atom  of  hydrogen  in  them  can  be  replaced  by  the 
action  of  caustic  alkalies : 


CH3 .  CH2(N02)  +  KOH  =  CHS  .  CHK(N02)  +  H20. 

The  nitro-group  always  exerts  such  an  acidifying  influence  upon  the  lb)  drogen ^ 
union  with  carbon.  It  is  further  increased  by  the  entrance  of  ha  oge  carrvine 

groups,  but  limits  itself  to  the  hydrogen  atom  united  with  the  car  1 

Thus  the  compounds:  CH3  .  CHBr(N02),  brom-nitroethane  Cfl,  .  CH(NO^*, 
di-nitroethane,  CH(N02\„  nitroform,  etc.,  are  strong  acids,  while  C  ^ 
and  JCH3')2C(N02)2,  /3-dinitro-propane,  etc.,  possess  neutral  reactio  weicht. 

combine  with  bases.  The  acid  properties  diminish  with  mcreas  •  itate  metallic 

From  aqueous  solutions  of  the  alkali  salts,  salts  of  heavy  metals  precipitate 
compounds,  which,  as  a  rule,  explode  with  great  violence.  meta]  js  com- 

_  Nef  assumes  in  the  metal  derivatives  of  the  nitro- para  s 

>ned  with  oxygen,  e. g.: 

✓O-Na 

ch3.ch  =  n^ 

because  they  are  resolved  by  acids  into  aldehydes  or  .an^  regained  from 

''hen  carefully  treated  with  acids,  the  nitro-paraffins  can,  m  part,  be  reg 
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their  metallic  derivatives.  It  might  be  assumed,  therefore,  that  the  unstable  (labile 

bodies  of  the  formula  RCH  :  N  x  when  liberated  from  their  salts  pass  over  into 

XOH 

the  more  stable  variety  R .  CH, .  NO,.  The  deportment  of  phenyl  nitromethane 
renders  this  view  probable  ;  it  occurs  in  the  two  isomeric  modifications,  C$HsCH,XO 

1 

and  C6H5CH :  (B.  29,  1223). 

(2)  By  gradual  reduction  the  nitro-bodies  (V.  Meyer,  B.  24,  352S,  4243 ;  25, 
1714)  pass  first  into  alkyl  hydroxvlamines  (p.  172)  and  then  into  primary  amines: 


CHjNO,  - 

Nitromethane- 


CHS .  NH  .  OH  - 

Methyl  Hydroxylamine. 


CH3XHj. 

Methylamine. 


The  conversion  of  nitro-paraffins  into  primary  amines  proves,  as  indicated  before, 
that  the  nitrogen  of  the  nitro-group  present  in  them  is  linked  to  carbon.  For  nitro¬ 
methane  we  have  the  choice  between  the  following  formulas  (compare  B.  29,  2263 ) : 

/OH  CH,— XOH. 

CHjNO,,  CH,=  N^  , 


(3)  The  varying  deportment  of  the  nitro-paraffins  with  nitrous  acid  ( better  XO,K 
and  H,S04)  is  very  interesting,  according  as  the  nitro-group  is  linked  to  primary, 
secondary,  or  tertiary  radicals. 

On  mixing  the  primary  nitro  compounds  with  a  solution  of  NO,K  in  concentrated 
potassium  hydroxide  and  adding  dilute  II,S04,  the  solution  assumes  in  the  beginning 
an  intense  red  color  due  to  a  soluble,  red-colored  alkali  salt  of  a  nitrolic  acid. 

The  nitro- compounds  of  the  secondary  radicals,  when  subjected  to  similar  treat¬ 
ment,  yield  a  dark  blue  coloration,  due  to  a  so-called  pseudo-nitrol : 


CHS .  CHjNO,  +  NOOH  =  CH, .  C^N0H  +  H.O 

XNO, 

Eihvl  Nitrolic  Acid 
(N  itro-aeetoxime) . 

(CH,),CHNO,  +  NOOH  =  (CH,),C<£g  +  H,0. 

Propyl  Pseudonitrol. 


The  nitro-compounds  of  tertiary  radicals  do  not  react  with  nitrous  acid.  There¬ 
fore,  the  preceding  reactions  serve  as  a  very  delicate  and  characteristic  means  of 
distinguishing  primary,  secondary,  and  tertiary  alcoholic  radicals  tin  their  iodides), 
from  oue  another.  v 


(4)  Lhlonne  and  bromine,  acting  upon  the  alkali  salts  of  primary  and  secondary 
nitro-parattins,  produce  chlor-  and  brom-nitro-substitution  product*.’  In  them  the 
halogen  atom  is  joined  to  the  same  carbon  atom  as  the  nitro  <m>up 

tor  compounds  resulting  from  the  action  of  sodium  ethylate  and  the  alkvl  iodides 
upon  the  mtro-ethanes,  see  B.  ai,  R.  5S  and  710 

Zinc  ethide  converts  nitroethane  into  triethvlamine  oxide  (B.  22.  R.  250). 
Pnmary  Afmo-nUr^paraj^m:  Mtnmetkeme,  CH.NQ,,  boils  at  10 1 It  is 

vLl0?  yKroXT,C  addu  nitrometkane  explode 

with  great  violence  when  they  are  heated.  This  also  occurs  when  these  substances, 
dried  in  a  desiccator,  come  in  contact  with  traces  of  water  (B.  27.  3406).  When 

ZS.  UP°?  S°diUm  nilrorthane'  ^inntii  mercurv  is  produced 
^see  this).  r>  the  action  of  caustic  potash  upon  nitromethane  or  of  hvdrowlamine 
hydrochloride  upon  sodium  nitromethane.  J*fknmic  Acid ,  C,H.N%0,,  is  Lined. 
It  is  a  monobasic  acid  of  unknown  constitution  (B.  29.  22SS),  Ind  melts  at  79°- 
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of  nitrogen  and  fatty  acids.  They  yield  their  esters  when  treated  with  acid  chlorides 
(B.  27,  1600;  29,  1218). 

/ N  O2 

Methyl  Nitrolic  Acid,  CH5C  >  fuses  at  64°. 

xN.OH 

/N02 

Ethyl  Nitrolic  Acid,  CH3.  Cx  ,  melts  at  Si-820. 

xN.OH 

/NO, 

Propyl  Nitrolic  Acid,  CH3  .  CH2  .  ,  melts  at  6o°,  with  decomposition. 

xNO .  H 

Pseudonitrols. — The  pseudonitrols,  isomeric  with  the  nitrolic  acids,  are  formed 

(1)  by  the  action  of  nitrous  acid  upon  the  secondary  nitro-paraffins  (see  p.  156) : 

NO 

(CH3)2CH(N02)  +  NO .  OH  =  (CH3)2C<no2  +  h20. 

Isonitro-propane. 

They  are  to  be  viewed  as  nitro-nitroso  compounds.  They  are  more  easily  produced 

(2)  by  the  action  of  N204  upon  ketonoximes  (see  these)  (B.  21,  5°7)  • 

4(CH3)2C :  N  .  OH  +  3N204  =  4(CH3)2C<£°2  +  2H20  +  2NO. 

They  are,  in  all  probability,  the  nitric  acid  esters  of  the  acetoximes,  (CH3)2C  = 
N  .  O .  N02  (B.  21,  1294). 

The  pseudonitrols  are  crystalline  bodies  with  pungent  odor,  colorless  in  the  solid 
condition,  but  exhibiting  a  deep  blue  color  when  fused  or  dissolved  (in  alcohol,  ether, 
chloroform).  They  show  a  neutral  reaction,  and  are  insoluble  in  w'ater,  alkalies,  and 
acids.  Dissolved  in  glacial  acetic  acid,  they  are  oxidized  by  chromic  acid  to  dinitro- 
compounds. 

When  reduced  by  hydroxylamine  in  alkaline  solution,  they  are  changed  to  ketox- 
imes  (B.  29,  88,  98) : 


(ch,vc<£$ 


(CH3)2C  =  N  .  OH. 


Propyl  Pseudonitrol,  (CH3)2C<^q2,  nitro-nitroso-propane,  melts  at  76°. 

Butyl  Pseudonitrol,  melts  at  58°.  Consult  B.  29,  94>  f°r 

higher  homologues. 

Dinitro-paraffins. — There  are  three  classes  of  dinitro-paraffins.  The  two  nitro- 
groups  are  joined — 

( 1 )  to  one  terminal  carbon  atom :  w2- dinitro-paraffins  or  primary  dinitro-compounds ; 

(2)  to  an  intermediate  carbon  atom:  meso-dinitro-paraffms  or  secondary  dinitro- 
compounds; 

(3)  to  two  different  carbon  atoms. 

I  liese  three  classes,  according  to  the  position  of  the  groups,  bear  the  same  relations 
to  aldehydes,  ketones,  and  glycols  as  the mono-nitro-paraffins  sustain  to  the  alcohols: 

CH,OH  CHO 


in 

CH 

Ah 


CH, 


ch2no2 


CH(N02)2 

CH, 


CO 

A 

ch5  ch3 

C(N02)2 

A 

CII3  ch. 


CH 


/ 


CH,OH 


2Xch,oh 


CH 


/CHjNOj 


•\ 


ch,no2 


Notwithstanding  these  points  of  relationship,  it  is  practicable  to  discuss  the  dinitro- 
paraffins  after  the  pseudonitrols. 
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Formation. — IT)  By  the  oxidation  of  the  pseudonitroU  with  chromic  acid  mtio- 
dinitro-paraffin:  are  produced : 


(CH,),C<*g* 


(CH,),C<^<. 


(2)  They  result  from  the  interaction  of  potassium  nitrite  and  the  brom-nitro- 
paraffins: 

CHjCHBrfN'Oj)  -f  KXO,  =  CH, .  CH<^1  +  KBr. 


(3)  By  the  action  of  concentrated  nitric  acid  upon — 

(a)  secondary  alcohols, 

\b  i  ketones, 

(r)  mono- alkyli  zed  aceto-acetic  esters, 
the  carbon  chain  is  torn  asunder  and  i»t- dinitro-farajffini  are  formed  : 


(C,Hs),CHOH  — 
(C*Hj),CO  — 
CHjCO .  CH  (C,HS)  CO,C,Hs 


CH,  -  CH, .  CH(NO,),  -i-  CH, .  CO,H 
CH, .  CH, .  CH(NO,L  +  CH, .  CO,H 
CH, .  CH, .  CH(NO,),  +  CH,  CO,H  —CO,. 


(4)  By  the  oxidation  of  saturated  mono-carboxylic  acids,  containing  a  tertiary 
carbon  atom,  with  nitric  acid:  iaobutyric  and  isovaleric  acids  yield  meio-dinitro- 
propane  : 

(CH,),CHCO,H  (CH,),CH .  CH, .  CO,H  - (CH,),C(XO,)r 


The  primary  dinitro-bodies  are  acids.  The  primary  and  secondary  cla-  ses  split 
off  bydroxylamine  when  they  axe  reduced  with  tin  and  hydrochloric  acid.  Yhz 
former  yield,  at  the  same  time,  mono-carboxylic  acids,  and  the  latter  ketones.  I  fits 
deportment  led  to  the  consideration  of  the  following  structural  formulas  for  the  two 
classes  of  dir.itro-derivative3  (B.  23,  3494)  : 

✓OH  v  /O.NO, 

CHjC7  for  CH,.CH(NO,), ;  (CH,)^=NC  for  (Cfi*hc(NO*V 

X— O.XO, 


1,1  -Dinitroetham,  CH,.CH(NO,)„  boils  at  185-186’;  1,1  -DinUropropane, 
CH, .  CH, .  CH(XO,  v  boil-,  at  1899.  1 ,  I  Dintirohtxanefxfa  at  212'.  2,2  DinUro- 

propanty  CH,  .  C(NO,  , .  CH,,  melts  at  530  and  boils  at  185.5c  2t2_DinUrobutane, 
CH,.  CH, .  QNO.L .  CH,,  boils  at  199''.  Higher  hcmologues,  see  B.  29,  95.  I  he 
J-,  or  Xyl-DiniiSopropanty  NO,CH,  CH,  CH,NO„  having  the  two  nitro- 
groups  attached  to  different  carbon  atoms,  is  an  unstable  oil  oUaroed  by  the  a.  ion 

of  A^NO,  upon  trimethylene  iodide  (B.  25,  2638).  r-u/vri  b* 

Of  the  poly-nitro-derivatires  of  methane  there  remain  mtroformy  CH  MJ,jd  >  “ 
considered  after  chloroform,  bromofonn,  and  iodoform  in  connection  1 wdh  f'xmc 
acid,  bromnitroform,  CfNO,),Br,  and  tetranitromethaMy  CfNO,I4,  which  will  come 
op  for  consideration  nnder  carbonic  acid,  following  chlorpicrin  and  brompicnn. 


B.  ALKYLAMINES  AND  ALKYL  AMMONIUM  DERIVATI  /ES. 

Alkylaraines  are  those  bodies  which  result  from  the  introduction  of 
univalent  alkyls  into  ammonia  for  its  hydrogen. 

One,  two,  and  three  hydrogen  atoms  of  the  ammonia  molecuie  may 
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suffer  this  replacement,  thus  yielding  the  primary,  secondary,  and 
tertiary  amines : 


/C,H5 

N__H 

\H 

Ethylamine. 


/C,H5 

\H 

Diethylamine. 


/C,h5 

n_ch3 

\H 

Methyl 

Ethylamine. 


n^c,h5 

\c,h5 

Triethylamine. 


/C,ht 

n_c,h5 

\CHS 

Methyl-ethyl- 

propylannue. 


These  are  also  sometimes  called  amide,  imide,  and  nitrile  bases. 
Under  the  imide  and  nitrile  bases,  the  secondary  and  ternary  amines, 
we  distinguished  simple  amines,  those  with  similar  alcohol  radicals, 
and  mixed  amines,  those  containing  different  alcohol  radicals;  com¬ 
pare  simple  and  mixed* thers  (p.  132).  Derivatives  also  exist  which 
correspond  to  the  ammonium  salts  and  hypothetical  ammonium 
hydroxide,  NH4OH : 


(C2H5)tNCl 

Tetraethyl  Ammonium  Chloride. 


(C,Hs),N.OH 

Tetraethyl  Ammonium  Hyaroxute. 


These  are  the  quaternary  alkyl  ammonium  compounds. 

Isomerism  of  the  Alkylamines—  The  isomerism  of  the  sunplealkl- 
amines  depends  upon  the  homology  of  the  alcohol  radicals,  ’ 

and  in  the  higher  alkylamines,  in  addition,  upon  the  different  position 
of  the  nitrogen  in  the  same  carbon  chain,  isomerism  of  position;  ami 
also  upon  the  different  manner  of  linkage  of  the  carbon  atoms  ot  the 
isomeric  alkyl  residues,  nucleus  isomerism  (^p.  41)* 

There  are  seven  isomerides  of  C  4HUN  : 

c,h9 

CH, 

CHS 


f  C4H9 

fC,HT 

N{ 

N  •<  H 

Nl  CHS 

1h 

Ih 

4-Isomeric  Butyl- 
amines. 


methylamines. 


Amine. 


History. — The  existence  of  alkylamines,  or  alcohol  bases,  was  very  definite  .  ( 
dieted  by  Liebig  in  1S42  (Hdw.  1,  689).  In  1S49  Wiirtz  discovered  a 
the  preparation  of  primary  amities.  It  consisted  in  decomposing  isocyamc 
with  caustic  potash.  This  was  a  discovery  of  the  greatest  importance  for  -ie  ' 
opment  of  organic  chemistry.  Shortly  after,  in  1849,  A.  W.  Hofmann,  >  ^ 
action  of  alkylogens  on  ammonia,  discovered  a  reaction  which  made  pos>i  '  ^ 

preparation  of  all  the  classes  described  in  the  preceding  paragraphs:  prtman 
dary,  tertiary  amines ,  and  the  alkyl  ammonium  bases.  This  afforded  the  expen  t 
basis  for  the  introduction  of  the  ammonia  type  into  organic  chemistry  (compare  F-.0 
Since  that  time  numerous  other  methods  of  preparation  have  been  found,  partau  . 
for  the  primary  amines. 

The  following  general  methods  are  the  most  important  for  prepar 
the  above  compounds:  .  h  \ 

(1  a)  The  iodides,  the  bromides,  or  the  chlorides  of  the  alto 
radicals  are  heated  to  ioo°,  in  sealed  tubes,  with  alcoholic  amm^n  ‘ 
( A .  W.  Hofmann,  1849).  Two  reactions  occur  here:  first,  the  a 
ogens  combine  with  the  ammonia,  forming  alkyl  ammonium 
which  then  are  partially  decomposed  by  excess  of  ammonia,  wit  1 
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production  of  alkylamines,  to  which  alkylogens  again  unite  them¬ 
selves — e,  g.  : 


NII8  +  CaH6I 
KIIjCjIIj  -}-  CfHjI 
NH(dlI5),  +  CaH6I 
N(CaH5)s  +  CaII6I 


:  NHa(C,H#)HI  ’  >  NHaCaH6  +  NH4I 
NH(CaH6)aHI  *  *>NH(CJI6)a-f-NH4l 
N(CaH6),HI  -22L+  N(CaH#),  +  NH41 


=  N(CaH6UI 
N(CaH8)4I. 


The  final  product  consists  of  the  hydro-iodides  of  primary,  secon¬ 
dary,  and  tertiary  amines,  and  of  the  amide,  imide,  and  nitrile  bases,  as 
well  as  the  quaternary  ammonium  compounds.  The  amines  are  best 
obtained  on  a  large  scale  by  the  action  of  ammonia  upon  the  alkyl 
bromides  (B.  22,  700). 

Potassium  and  sodium  hydroxides  decompose  the  salts  of  the 
amine,  imide,  and  nitrile  bases,  with  the  splitting-off  of  the  free 
bases,  whereas  the  quaternary  tetra-alkyl  ammonium  salts  are  not 
decomposed  by  caustic  alkalies,  and  can  thus  be  easily  separated 
from  the  primary,  secondary,  and  tertiary  amines  (B.  20,  2224). 


It  is  remarkable  that  the  primary  and  secondary  (B.  22,  R.  343)  alkyl  iodides 
yield  at  the  same  time  secondary  and  tertiary  amines,  while  the  tertiary  alkyl  iodides 
do  not  form  amines,  but  split  off  hydrogen  iodide  and  pass  into  olefines. 

(1  li)  The  esters  of  nitric  acid,  when  heated  to  too0  with  alcoholic  ammonia,  react 
in  a  manner  analogous  to  the  alkyl  iodides : 


CaII6.  O  .  NOa  +  NIIj  =  CaII5  .  NIIa  +  HN03. 

This  reaction  is  often  very  convenient  for  the  preparation  of  the  primary  amines 
(B.  14,  421). 

( t  c)  Tertiary  amines  are  produced  when  primary  and  secondary  bases  are  heated 
with  an  excess  of  potassium  methyl  sulphate  (B.  24,  1678) : 


(CaH#)aNH  +  CIIjjOSOaK  =  (CaH,)aNCH,  +  HOSO,K. 

(1  d)  Mono-,  di-,  and  tri-alkylamines  are  obtained  by  directly  heating  the  alcohols 
to  250-300°  with  zinc-ammonium  chloride  (B.  17,  640).  _ 

(2)  By  action  of  nascent  hydrogen  (HC1  and  Zn)  upon  the  nitro -paraffins  (p.  1$  >), 
when  the  alkyl  hydroxylamines  appear  as  intermediate  products,  and  upon  the  ba  o- 
gen  mono-nitro-paraffins : 


CIIjNOjj 


-j-  4II 
CH,.NOa+  611 
CCljNOj  +  12II 


CHjNHOII  +  HaO. 
CH..NH,  +  2HaO. 

CH,NHa  -j-  2HaO  -f  3HCI. 


This  method  is  particularly  important  in  the  manufacture  of  commercially  valuable 
primary  amines — e.  l'.,  aniline— from  the  readily  accessible  aromatic  nitro-bodies. 
Zinin  discovered  the  method  when  investigating  the  reduction  of  nitrobenzene, 
C8I1jN02.  V.  Meyer  applied  it  to  the  aliphatic  nitro-derivatives. 

(3  «)  By  the  action  of  sodium  in  absolute  alcohol  upon  the  aldth>'d[flky^ll^n 
(B.  29,  21  to);  (3  b)  when  zinc  dust  and  hydrochloric  acid  are  allowed  to  ^t  upon 

aldehyde  ammonia  derivatives  (B.  27,  R.  437)  5  (3  0  Bom  *  ’*  £ ,eny  l)‘ ra  ' 
(Tafel),  and  (3  d)  the  oximes  (Goldschmidt)  of  the  aldehydes  and  ketones  by  means 

14 
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of  sodium  amalgam  and  glacial  acetic  acid  (B.  19,  1925.  3232;  20,  505; 

1854) : 

(CH3)2CH  .  CH  =N(CH«)  +  2H  =  (CH3)jCH  CH2  NHCH 
(CH,)  •  CH  :  N—NH  .  C6H5  +  4H  =  CH,  •  CHjNH,  +  QH5NH2 
(CH3)2C  :  N—NH  .  C6H5  +  4g  =  CHj  jCHNH,  +  Cfil  I5N  H2 
(CH3)2C :  N— OH  +  4H  =  (CH3)2CHNH2  +  H20. 

Reaction  3  a  yields  secondary  amines,  while  $  l>,  3  9  and  3  d  afford 


22, 


primary 


amines. 


(4)  By  the  action  of  nascent  hydrogen  (from  alcohol  and  sodium, 
B.  18,  2957;  19,  783;  22,  1854)  upon  the  nitriles  ox  alkyl  cyanides 

(Mendius,  A.  121,  129) : 

HCN  -|-  4H  ==■  CH3NHj ;  CH3 .  CN  4-411=  CH3  .  CH2 .  NIT2. 

Methylamine.  Acetonitrile.  Ethylamine. 

The  reaction  constitutes  an  important  intermediate  factor  both  in  the  synthesis  of 
alcohols  (p.  1 13)  and  of  amines. 

(5)  Warm  the  isocyanides  of  the  alkyls,  the  isonitriles,  or  carbylamines  with  dilute 
hydrochloric  acid;  formic  acid  will  split  off  ( A .  IV.  Hof  matin ) : 


C2H5 .  NC  +  2H20  =  C2H5 .  nh2  +  ch2o2. 

(6  a)  The  esters  of  isocyanic  or  isocyanuric  acid  are  distilled  with 
potassium  hydroxide  (  Wiirtz ,  1848): 


CO :  N  .  CH3  +  2KOH  =  NH2 .  CHS  +  COaK2. 


Cyanic  acid  is  changed  to  ammonia  in  precisely  the  same  manner: 


CO :  NH  +  2KOH  =  NH3  +  C03K2. 

To  convert  alcohol  radicals  into  corresponding  amines,  the  iodides  are  heated 
together  with  silver  cyanate ;  the  product  of  the  reaction  is  then  mixed  with  pulver¬ 
ized  caustic  soda,  and  distilled  in  an  oil  bath  (B.  10,  131). 

(6£)  The  isothiocyanic  esters  or  the  mustard  oils ,  etc.,  are  also  broken  down  into 
primary  amines  by  heating  with  water  or  dilute  acids : 


CS :  N  .  C2H5  +  2H20  =  C02  +  H2S  +  C2H5NH2. 

(6  e)  The  isocyanic  esters  and  the  isothiocyanic  esters  or  mustard  oils  are  alkyl 
derivatives  of  the  imide  of  carbonic  acid,  and  thiocarbonic  acid.  The  alkyl  com¬ 
pounds  of  the  imide  of  o-pht Italic  acid  (see  this)  have  shown  themselves  to  be  well 
adapted  for  the  preparation  of  primary  amines.  They  are  readily  prepared  by  acting 
upon  potassium  phthalimide  with  alkyl  iodides.  When  heated  with  potassium 
hydroxide  or  acids,  they  separate  into  plithalic  acid  and  primary  amines  (Gabriel,  20, 
2224;  24,  3104): 


.«.{ 


CO>KH  K0H>C,H,{ 


CO 

CO 

CO 


[1] CO 

[2] CO 


>NK  C,H,  { •  C»Hj 


;>N  .  C,H5  +  2KOH  =  CeH,  {  C£jCO,K  +  WHl. 
(7)  By  the  distillation  of  amin-  or  amido-acids,  especially  with  baryta: 
CII3  .  CH<^H  =  CH, .  CH2NH2  4-  CO,. 


Alanine. 


Ethylamine. 
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and  form  compounds  perfectly  analogous  to  the  ammonium  double 
salts  ;  e.  g. — 

[N  (CH3)  H3Cl]2PtCl4.  N(CH3)H3C1 .  AuC13.  [N(CH3)3HCl]2HgCl2. 

The  ammonia  in  the  alums,  the  cuprammonium  salts  and  other 
compounds  may  be  replaced  by  amines. 

Their  basicity  is  greater  than  that  of  ammonia,  and  increases  with 
the  number  of  alkyls  introduced  (J.  pr.  Ch.  [2]  33,  352). 

The  reactivity  of  the  primary  and  secondary  amines,  as  compared 
with  the  tertiary  amines,  is  dependent  upon  the  ease  with  which  the 
ammonia  hydrogen  atoms,  not  substituted  by  alcohol  radicals,  are 
replaced ;  hence,  the  primary  and  the  secondary  amines  in  many 
reactions  behave  like  ammonia. 

A  primary  amine  is  distinguished  from  a  secondary  amine,  and  this 
from  a  tertiary  amine,  by  treating  the  amine  alternately  with  methyl 
iodide  and  caustic  potash  until  all  the  hydrogen  atoms  in  the  ammonia 
present  are  replaced  by  methyl  groups.  Whether  the  latter  have 
entered,  and  what  their  number  may  be,  is  most  conveniently  deter¬ 
mined  by  the  analysis  of  the  platinum  double  chloride  of  the  base 
previous  to  and  after  the  action  of  the  methyl  iodide.  If  two  methyl 
groups  have  entered,  then  the  amine  was  primary ;  if  one  methyl  group 
has  entered,  then  the  base  wTas  secondary ;  and  should  the  base  remain 
unchanged,  then  it  is  tertiary  in  its  character. 

Tertiary,  secondary,  and  primary  amines  may  also  be  obtained  by 
the  dry  distillation  of  the  halogen  salts  of  the  ammonium  bases : 


N(CH3)4C1  =  N(CH3)3  +CH3C1 

N(CH3)sHC1  =  NH(CH3)2  +  CH3C1 
NH(CH3)2HC1  =  NH2(CH3)  +  CH3C1,  etc. 

These  reactions  serve  for  the  commercial  production  of  methyl 
chloride  from  trimethylamine. 

Primary  and  secondary  amines  show  the  following  reactions: 

(1)  Primary  and  secondary  amines,  like  ammonia,  are  transposed 
by  acid  esters,  with  the  formation  of  mono-  and  di*alkylized  acid 
amides  (see  these)  and  alcohols.  A.  W.  Hofmann  based  a  method  for 
the  separation  of  primary,  secondary,  and  tertiary  amines  upon  their 
deportment  toward  diethyl  oxalate  (B.  8,  760). 


The  mixture  of  the  dry  bases  is  treated  with  diethyl  oxalate,  when  the  primary 
amine,  e.  g.,  methylamine,  is  changed  to  diethyl  oxamide,  which  is  soluble  in  water , 
dimethylamine  is  converted  into  the  ester  of  dimethyl  oxamic  acid  (see  oxalic  acu 
compounds) ;  and  trimethylamine  is  not  acted  upon  : 

2NH2(CHs)  -f-  C202<Q  =  cil3  2^2^5  ■ 

Diethyl-oxalate.  Dimethyl-oxamide. 

=  C,0*<N(CH^  +CA.OII. 

Dimethyl-oxamic  Ester, 


NH(CH3)2  -f  C202<Q 

*  2  5 


ALKYbAUI  'K.  AHti  At //.VI,  AtAWtMVM  t,tr/s;  YAlIVtA. 


WIm»  tin  mdlofrffadirt  if  dktolUA,  dm  •naiierol  itimrlkfkmmm  yarn**  w** 
Wafer  will  txinei  dm  (Mmttkfl  vxamiA*  (mm  dm  rmUkm  $  MMlWiB  viduiMif 
p4a*h  i'  ws/th+%  tnrthytamm r  mA  o/Asd4i 

*  2KOH  -  C/^K,  +  zNIf^Cfb), 

'Hi#;  i?,v,'  H-iife  dias^byboxa/^  »  V/urttV-A,  by  With  j xAMii,  ;.»// 

dinuthylamin/  / 

C +  «KOH  ~  C/\K,  -f  *f  f/CIf,),  +  C,H* ,  OH, 

The  tobarfor  of  dm  yt'utmj  vrA  x*///t Axxy  (//tu&ys vtfte 

'/f  ff'/Wi  *u.'A:.+t  U’,,  Vtf  V .  '■//»}. 

(2<ij  The  secondary  aliphatic  amines,  t.  dietbylamine  fa*v> 
piperidine),  arc  readily  transposed  by  a  series  of  reactive  non-metallic 
chlorides,  non-metallic  oxy-  and  wjlp^>-chloridc*,  a*  well  a*  dilamki 
of  inorganic  adds,  The  dialkylamine  residue  replace*  one  or  all  of 
the  chlorine  atom*,  The  product*  are  dialkylized  acid  amide*  (R> 
24,  7 to)' 

'Hiionyl  chloride  replaces  both  the  hydrogen  atom*  in  primary 
amine*  by  die  thionyl  residue,  with  t he  production  of  thv/nyUimntf, 
the  alkylized  irnide*  of  sulphurous  acid  f  Michael  i*),  which  bear  the 
same  relation  to  sulphur  dioxide  trial  the  tstocynsnc  extern  villain  to 
carbon  divide, 

i"he  following  arrangement,  taking diethylamine  a*  example,  afford* 
a  review  of  these  reaction* ; 


f>a 

<a 

sa, 

800,  ' 


' 

KJ, 

FOCI,  - 


PV3, 

>*a, 

1*0, 


SWfeH,) 


Iftths*  diet  by  haw  r*e, 

M/**/  r.  v  dfe*J»ybs*sJ»e, 
'nik*yi'«<hyha/ijrie. 


TMinyf  ddlflMise 


P  Ssljhsrjrb  or  flslpho  tfirribyl  — far, 

>  KXJffC-Hj  *  Dfctbyla*>w»e 

^  FOOflfC^),  Okdyliww  ^gyckfatfwejfhfae, 

'  FOfM(C,i L,k  TridfafbjrfaMfae  j/tsAyifK^'szA* , 

>-  PSCLN'lfC.H;  ,  Ottf-byi*  v.  t^t/.yr.'S. 

>  y/XHiCJUfo  Oiefbjdaiwfae  <m  t  brV/nde . 

>  Hides'  (Cjfrfj  f  >*?  fiyUti.  M^d*  vx\,  .v,Ax. 


(2  0)  Primary  and  secondary  amine*  are  translated  like  ammonia 
by  organic  arid  chlorides — c,  acetyl  chloride — into  mo no-  and  Oi- 
a,ityl  'a/. id  amides, 

^2  c)  The  j^imaryandsecondaiy  arainesdeport  themselves  sim early 
with  t,  d^initrobrombenaene  and  picryl  chloride  or  a,  4, htrinitro 
chlorbenzene  (B,  18,  It,  540^, 
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(3)  Primary  and  secondary  amines 

dride— -toforma'mic  adds,  and  are  then  transposed  into  acid  amides. 

(7,  The  deportment  of  the  amines  toward  m Irons  acid  is  very  char¬ 
acteristic  Primary  amines  are  changed,  at  least  in  part,  by  this  acid 
into  their  corresponding  alcohols  (p.  i 1 3)  : 

C2H5NH2  +  NO .  OH  =  C2H5OH  +  N2  +  H20. 

This  reaction  corresponds  to  the  decomposition  of  ammonium  nitrite 
into  water  and  nitrogen  : 

NH3  +  NO .  OH  =  h2o  +  N2  +  H20. 

Frequently,  instead  of  the  expected  secondary  alcohols,  those  of  the 

tertiary  class  are  produced  (B.  24,  335°)*  .  .  , 

Nitrous  acid  converts  the  secondary  amines  into  mtroso-amines  (p. 

170)  : 

•  (CH3)2NH  -f  NO  .  OH  =  (CH3)2N .  NO  f  H20  ; 

v  0  L  TJitrncrv-Himethvlamine. 


whereas  the  tertiary  amines  remain  unaltered  or  undergo  decomposi¬ 
tions.  Indeed,  these  reactions  may  be  utilized  in  the  separation  ot 
the  amines,  when  naturally  the  primary  amines  are  lost. 

(5)  Another  procedure,  furnishing  a  partial  separation  of  the  amines,  depends  on 
their  varying  behavior  toward  carbon  disulphide.  The  free  bases  (in  aqueous,  a  c0‘ 
holic,  or  ethereal  solution)  are  digested  with  CS2,  when  the  primary  and  secondary 
amines  form  salts  of  alkyl  dithio-carbaminic  acid  (see  this),  while  the  tertiary 
amines  remain  unaffected,  and  may  be  distilled  off.  On  boiling  the  residue  wit  1 
HgCl2  or  FeClj,  a  part  of  the  primary  amine  is  expelled  from  the  compound  as 
mustard  oil  (A.  W.  Hofmann,  B.  8,  105,  461 ;  14,  2754;  and  15,  1290). 

(6)  A  marked  characteristic  of  the  primary  amines  is  their  ability 
to  form  carbylamines  (see  these),  which  are  easily  recognized  by  their 
odor  (A.  W.  Hofmann,  B.  3,  767). 

(7)  By  the  action  of  Cl,  Br,  or  I  alone  or  in  the  presence  of  caustic  alkali,  Prl‘ 

mary  and  secondary  amines  yield  alkylamine  halides  (p.  169).  ,  .  , 

(8)  The  amines,  when  heated  with  potassium  permanganate,  are  gradually  oxidize 
to  the  corresponding  aldehydes  and  acids,  with  the  splitting-off  of  ammonia  (B. 

1237). 


(a)  Amines  and  Ammonium  Bases  with  Saturated 

Alcohol  Radicals. 

(1)  Primary  Amines.— Methylamine,  CH3.NH2,  occurs  in 
Mercunalis perennis  and  annua ,  in  bone-oil,  and  in  the  distillate  from 
wood.  It  is  produced  from  the  methyl  ester  of  isocyanic  acid,  by  the 
reducti°n  of  chloropicrin,  CC13(N02),  and  hydrogen  cyanide,  and  b) 
the  decomposition  of  various  natural  alkaloids,  like  theme  >  creatine , 
and  morphine.  The  best  way  of  preparing  it  is  to  warm  broni 
acetamide  with  caustic  potash  (see  p.  163). 
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Methyl-nitramine,  CH3 .  NH(N02),  melts  at  38°.  Ethyl-nitramine,  C2H5  .  - 
NH(N02),  %melts  at  30.  Propyl-nitramine  boils  at  128°  (40  mm.).  Butyl- 
nitramine,  see  B.  28,  R.  1058. 

Simple  Dialkyl-nitramines :  Dimethyl-nitramine ,  (CH3)2N.N02,  melts  at  58°, 
boils  at  187°,  and  is  produced,  together  with  an  isomeride,  boiling  at  112°,  by  the 
distillation  of  mono-methyl-nitramine  (B.  29,  R.  910),  as  well  as  upon  treating 
dimethylamine  and  nitric  acid  with  acetic  anhydride  (B.  28, 402).  Dielhyl-nitr amine 
boils  at  206°.  Dipropyl-nitramine  boils  at  77°  (IO  mm.).  Mixed  Nitramvies : 
Methyl- ethyl-nitramine  boils  at  190°.  Methyl-propyl-nitramine  boils  at  115°  (40 
mm.).  Methyl-butyl-nitr amine  melts  at  -j-  0.50  (B.  29,  R.  424).  Methyl-allyl- 
nitramine ,  boiling  at  950  (18  mm.),  is  obtained,  together  with  an  isomeride,  boiling 
at  510  (18  mm.),  by  the  interaction  of  potassium  methyl-nitramine  and  allyl  bromide. 


(g)  Alkyl-hydrazines. 


Just  as  the  amities  are  derived  from  ammonia,  NH3,  so  the  hydra¬ 
zines  are  derived  from  hydrazine  or  diamide ,  H2N — NH2,  an  analogue 
of  liquid  hydrogen  phosphide,  H2P — PH2. 

Long  before  hydrazine  in  a  free  state  was  obtained  from  diazo-acetic 
acid  (see  this),  its  derivatives  had  been  prepared  by  a  variety  of 
methods.  They  hold  an  important  place  in  the  benzene  series  (see 
phenylhydrazine,  C6H5 .  NH  .  NH2)  (E.  Fischer,  A.  99,  281). 

The  mono-alkyl  hydrazines  are  obtained  from  the  mono-alkyl  ureas,  NH2 .  CO  . - 
NH  R  and  from  the  symmetrical  dialkylureas  by  their  conversion  into  mtroso- 
compounds,  and  the  reduction  of  the  latter  to  hydrazines  of  the  ureas  : 


CH3NH 

CH3NH 


>CO 


.  . ,  CH, .  NH>rn 
yields  CH3 .  N>CO 

\NO 


and 


CHh  .  NH 
C  H3 .  N 


>CO 

\nh2. 


When  the  latter  are  heated  with  alkalies  or  acids  they  sPlltup’;^e  a  phUr^duce 
ati.es,  into  their  components,  CO„  alkylamtne  and  dkylM^“*-  *d““ 

Fehline’s  solution  in  the  cold,  while  heat  is  necessary  to  effect  this  when  using  the 
dialkyf  hydSes  In  this  ’respect  they  differ  from  the  am.nes,  whtch  they  so 

cl^ly  resemble  in  properties  is  a  very  mobile  liquid,  boiling  at  87°.  Its 

0Rdmls"fke^“  yUmine!1  In  &  air  it  absorbs  mature  and  fumes  (B.  22, 

R'  Ethyl  Hydrazine,  (C2H5-)HN  NH  boUs  at  100^  disu]  _  potassium  ethyl 

When  ethyl  hydrazine  is  ach^up  sosK,  is  formed.  Mercuric  oxide  changes 

this  to  potassium  numerous*  and  highly  important 

well-known  representative  in  the  tatty  seric  .  They  are  charac- 

class  of  denvadves  of  the  ben*n< ^senes- he l^-^^arbo^icals 
tenzed  by  the  diazo  group ,  — JN— iN  >  wnic  „fUvArr>rh\nr\c  acid  from  the  cor- 
s- Dialkyl  hydrazines  result,  through  t ie  lon  ^  ducts  of  alkyl  iodides  and 
responding  diformyl  compounds,  which  are  e  re‘  |  q  jt  boils  at  850 

lead  diformyl-hydrazine.  s-Diethyl  hydrazme,  C,H6NH-NH  .  L,H5, 

(B.  a7,  3279V  .  ...  ,f„,N  NH  are  formed  by  the  reduction  of 

The  uns-Dialkylhydrazines,  like  (CH^N  .  N  ,,  and  alcoholic  solu- 

nitroso  amines  and  dialkyl  nitrammes  (B.  29,  R.  4^4), a<lueoU5 
tion,  by  zinc  dust  and  acetic  acid : 

(CH3)2N .  NO  +  2H2  =  (CH3)2N.  NH,  +  •  drazine 

uns-Dimethyl  Hydrazine,  (CH3bN.NH2,  and  '  readily  soluble  in 

(CjH6)2N  .  Nllj,  are  mobile  liquids,  of  ammomacal  odor, 
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alcohol  and  eiher  Diethvl  hvdrazine  boils  at  97  and  the  dimethyl  com- 

££  St?.’  (W  ■  N'S0.  boil*  «  75= 

MDi‘ShSvtoiiIn0e  unites  with  ethyl  iodide  and  yields  the  compound  (C.HJ,.. 

*  J  \  yiT 

N  NRj  C,HjI,  which  is  to  be  Yiewed  as  the  ammonium  ioaidf ,  (CjH5),X<^ 

as  it  is  not  decomposed  bv  alkalies,  and  moist  silver  oxide  converts  it  into  a  strong 
SSSr  Nascent  hydrogen  (zinc  and  snlphunc  actd)  decomposes  tins 

iodide  into  triethvlamine,  ammonia,  and  hydrogen  iodide. 

Th  iTmaSkm  is  an  additional  proof  that  the  ammonium  compounds  represent 

atomic  derivatives  of  quinquivalent  nitrogen  (A.  199,  3lb)- 

(4)  Tetra-alkyl-tetrazones. 

When  mercuric  oxide  acts  upondi«d.yttyd^,  ?<r^/-<^^^s^  - 
X  :  N  .  N  l'.Hs  is  formed.  This  is  a  strong  basic  liquid  with  an  allmceou.  odor. 

Metkyl&tyl^drtmu  boils  at  1210  (19  nun.)  (B.  29.  K.  4-4)- 

(j)  Alkyl  Hydroxylamine  Derivatives. 

The  entrance  of  one  alkyl  group  into  hydroxylamine  produces  two  isomeric 

fcnnS:  kh  O  CH  and  CH..NH.OH. 

^MetbSCdroxvlaiiae.  e-M«h,  WjdmxjUmtae. 

S«®KS*S^5|gjj&g 

8-  Metkylk  rd rosy! a  wine ,  CHj.NH.UH.  melt-  at  41  4  » 

1 16  mm  A  lB.  23.  3597?  *4-  35-$  *>  25-  IJ’I°  I  *6-  * 

»  an  iSmjrideof.be 

Uaer  has  tee„  [re“red  by  the  in.eracuon  of  xinc  ethide  mid  n.troethsne.  ■ 

at  1550  (B.  22,  R.  250). 

{i)  phosphorus  Derivatives  of  Secondary  Alkylamines  (B.  *9-  7»>V 

r  Dialhrla mine  Cklorphoifkitui  are  formed  when  phosphorustncnl^.e  -- 

opi^fyWnes.  rgSES* having* 1  sharp. ggngf ^odor . 
i;Tthe  air.  DictkyUmine  Cklorpkot? hi~.  (CjHj^N  -  PU,.  t*«  >  «  V 

Di-isebmtylaarine  CUrpkespkin*  melts  at  37®  “d^JS^  phisohcrus  oxychloride 

2.  DiaUtyUmdnt  Oxyckl»rpk*spkmes.  Th ese  ressd  po^u  air.  an  J 

^  -  ■■  -i" 


melts  at  54°- 
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3.  Dialkylamine  Sulphochlorphosphines  result  from  the  interaction  of  phosphorus 
sulphochloride  and  the  dialkylamines.  They  are  volatile  in  steam.  Their  odor  is 
like  that  of  camphor. 

Diethylamine  Sulphochlorphosphine,  (C2H5)2NPSC12,  boils  at  ioo°  (15  mm.). 
Dipropylamine  Sulphochlorphosphine  boils  at  1330  (15  mm.).  Di-isobutylamine 
Sulphochlorphosphine  boils  at  150°  (10  mm.). 

(/)  (m)  («)  Arsenic,  Boron,  and  Silicon  Derivatives  of  Secondary  Amines 

(B.  29,  714). 

(/)  Di-isobulylamine  Chlorarsine,  (C4H9)2N .  AsC12,  boils  at  I250  (15  mm.). 

(m)  Diethylamine  Chlorborine ,  (C2H5)2N .  BC12,  boils  at  I420,  and  fumes  very 
strongly  in  the  air.  Dipropylamine  Chlorborine  boils  at  990  (45  mm.).  Di- 
isobutylamine  Chlorborine  boils  at  930  (17  mm.). 

(«)  Diethylamine  Chlorsilicide,  (C2H5)2N .  SiCl3,  boils  at  104°  (80  mm.).  Di- 
isobutylamine  Chlorsilicide  boils  at  1220  (30  mm.).  The  chlorarsines,  chlorborines, 
and  chlorsilicides  are  prepared  from  their  corresponding  chlorides. 


6.  PHOSPHORUS  DERIVATIVES  OF  THE  ALCOHOL  RADICALS. 

A  PHOSPHORUS  BASES  OR  PHOSPHINES  AND  ALKYL 
PHOSPHONIUM  COMPOUNDS. 

Hydrogen  phosphide,  PH3,  has  slight  basic  properties.  It  unites 
with  HI  to  phosphonium  iodide,  which  is  resolved  again  by  water  into 
its  components.  The  phosphorus  bases  or  phosphines,  obtained^  by  le 
replacement  of  the  hydrogen  of  PH3  by  alkyls,  have  more  o  t  le  jasic 
character  of  ammonia  and  approach  the  amines  in  this  respec 
basic  character  increases  with  the  number  of  alk}  groups.  ,, 

(1)  They  oxidize  very  energetically  on  exposure  to  the ?air,  •  > 

with  spontaneous  ignition;  hence  they  should  be  prepar  . 

air  contact.  Moderate  oxidation  with  nitric  acid  converts  the  primary 

phosphines  into  alkyl  phosphoric  acids ,  the  secon  ar>  p  1 

alkyl  phosphinic  acids,  while  the  tertiary  phosphines,  in  the  presence 

of  air,  pass  into  alkyl  phosphinic  oxides : 

Ethyl  Phosphine :  C2H5PII, - > 

(2)  They  combine  readily  with  sulphur  and  carbon  disulphide  (B.  25,  2436)  >  aLo 

with  the  halogens.  _TT  „  tau  !,««  Their  salts,  like  PH4I, 

(3)  The  primary  phosphines,  P  "  required  for  the  decomposition  of  the 

are  decomposed  by  water.  Caustic  potash  q 

salts  of  the  secondary  and  tertiary  phosp  lines.  ,  to  form  tetra-alkyl 

(4)  The  tertiary  phosphines  combine  wi  1  ,  se(j  by  caustic  potash  as  the 

phosphonium  iodides.  These  are  just  as  1  e  liberates  tetra-alkyl  phosphonium 
tetra-alkyl  ammonium  iodides.  Moist  silver  ox  de  Iterates  /« ■  J m  s(r(>nger 

hydroxide  from  them ;  these,  like  the  tetra-alkyl  ammonium  hyo 

bases  than  the  alkalies : 


P(CHj)j 


CH.1  ^  p(CH,)4I  P(CH,).OH. 
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Thenard  (1846)  discovered  the  tertiary  phosphines,  and  A.  W.  Hofmann  (1871) 
first  prepared  the  primary  and  secondary  phosphines  (B.  4,  430). 

Formation. — (1)  By  letting  the  alkyl  iodides  act  upon  phosphonium  iodide  for  six 
hours  in  the  presence  of  certain  metallic  oxides,  chiefly  zinc  oxide,  at  150°.  The 
product  is  a  mixture  of  P(C2H5)H2 .  HI  and  P(C2H5)2H  .  HI,  the  first  of  which  is 
decomposed  by  water.  The  Hi-salt  of  the  diethyl  phosphine  is  not  affected,  but  by 
boiling  the  latter  with  sodium  hydroxide,  diethyl  phosphine  is  set  free  (A.  W.  Hof¬ 
mann)  : 


2PH4I  +  2C2H5I  +  ZnO  =  2[P(C2II5)H2 .  HI]  +  ZnT2  +  H20 
PH4I  +  2C2H5I  +  ZnO  =  P(C2H5)2H  .HI  +  Znl2  +  II20. 


P(C2H5)H2HI— - ►  P(C2H5)Hj  +  HI. 


(2)  Tertiary  phosphines  and  phosphonium  iodides  are  produced  by  heating  phos¬ 
phonium  iodide  with  alkyl  iodides  (methyl  iodide)  to  I5o°-i8o°  without  the  addi¬ 
tion  of  metallic  oxides.  They  can  be  separated  by  means  of  caustic  potash  : 

PH4I  4-  3CH3I  =  P(CH3)3 .  HI  4.  3HI 
P(CH3)3HI  4-  CH3I  =  P(CH3)4 .  I  4-  HI. 

(3)  Tertiary  phosphines  result  when  alkylogens  act  upon  calcium  phosphide 
(Thenard),  and  (4)  in  the  action  of  zinc  alkyls  upon  phosphorous  chloride: 

2PC1,  +  3Zn(CH3)s  =  2P(CHS)3  +  3ZnCl2. 


The  phosphines  are  colorless,  strongly  refracting,  extremely  powerful-smelling, 
volatile  liquids.  They  are  scarcely  soluble  in  water,  but  dissolve  readily  in  alcohol 
and  ether.  They  oxidize  very  readily  and  show  neutral  reaction. 

(1)  Primary  Phosphines: 

Methyl  Phosphine,  P(CH3)H2,  condenses  at  — 140  to  a  mobile  liquid. 

Ethyl  Phosphine,  P(C2H5)H2,  boils  at  250. 

Isopropyl  Phosphine,  P(C3H7)H2,  boils  at  410,  and  the  isobutyl  derivative, 
P(C4H7)H.,,  at  62°.  Fuming  nitric  acid  oxidizes  the  primary  phosphines  to  alkyl 
phospho- acids  ;  their  Hl-salts  are  decomposed  by  water. 

(2)  Secondary  Phosphines : 

Dimethyl  Phosphine,  P(CH3)2H,  boils  at  250  C. 

Diethyl  Phosphine,  P(C2H5)2H,  boils  at  85°. 

Di-isopropyl  Phosphine,  P(C3H7)2H,  boils  at  1180.  Di-isoamyl  Phosphine, 
P(C5Hu)2H,  boils  at  2lo°-2i5°,  but  is  not  self-inflammable.  Fuming  nitric  aci 
oxidizes  this  class  of  phosphines  to  dialkyl phosphinic  acids. 

Water  does  not  decompose  the  Hl-salts  of  the  secondary  phosphines. 

(3)  Tertiary  Phosphines :  .  „  , 

Trimethyl  Phosphine,  P(CH3)3,  boils  at  40°.  Triethyl  Phosphine,  1  (Cji'sh* 

boils  at  1 1 70.  Both  tertiary  phosphines  form  phosphine  oxides  by  the  absorption  o 
oxygen  (B.  29,  1707).  They  also  combine  with  S,  Cl2,  Br2,  the  halogen  hydrides,  an 
the  ^alkylogens.  Carbon  disulphide  also  combines  with  triethyl  phosphine,  and  1 1 
product  is  P(C2H5)3.  CS2,  crystallizing  in  red  leaflets.  It  is  insoluble  in  water,  fuse 
at  95°,  and  sublimes  without  decomposition.  Its  production  will  answer  for  the  den  c 
tion  of  carbon  disulphide.  . . 

According  to  almost  all  of  these  reactions,  triethyl  phosphine  resembles  a  sue  rj 
positive  bivalent  metal — for  example,  calcium.  By  the  addition  of  three  alkyl  g'oups* 
the  quinquivalent,  metalloidal  phosphorus  atom  acquires  the  character  of  a  biva  en 
alkaline  earth  metal.  By  the  further  addition  of  an  alkyl  to  the  phosphorus  m  1 1  ^ 
phosphonium  group,  P(CH3)4,  the  former  acquires  the  properties  of  a  univa  e" 
alkali  metal.  Similar  conditions  manifest  themselves  with  sulphur,  with  telluri  . 
with  arsenic,  and  also  with  almost  all  the  less  positive  metals. 

(4)  Phosphonium  Bases. — The  tetra-alkyl  phosphonium  bases  resemble,  m  a  ve  , 
high  degree,  both  in  formation  and  properties,  the  tetra-alkyl  ammonium  bases. 


arsenic  alkyl  compounds. 


175 


Tetra-methyl-  and  Telra-ethyl-phosphonium  Hydroxide ,  P(C2H6)4 .  OH,  are  crystal¬ 
line  masses  which  deliquesce  on  exposure  to  the  air.  They  show  a  strong  alkaline 
reaction.  When  they  are  heated  they  show  the  great  affinity  of  phosphorus  for 
oxygen,  for,  unlike  the  corresponding  ammonium  derivatives,  they  break  down  into  a 
frlilM  thos  thine  oxide  and  a  paraffin.  Thus  tetra-methyl-phosphonium  hydroxide 
yields  trimethyl  phosphine  oxide  and  methane :  P(CHS)4 .  OH  =  P(CH3)30  +  CH4. 
1  Tetramethvl-  and  Tetra-ethyl  phosphonium  iodide ,  P(C2H5)4I,  are  white,  crystal¬ 
line  bodies.  Heat  decomposes  them  into  trialkyl  phosphines  and  alkyl  iodides. 


B.  ALKYL  PHOSPHO- ACIDS. 

These  acids  result,  as  previously  mentioned,  from  the  moderated  oxidation  of  the 
primary  phosphines  with  nitric  acid.  They  are  derived  from  unsymmetncal phos- 

ph°rZk7ldnJpho°^d''  CH,PO(OH)„  melts  at  ,05°.  PC1S  converts  it  into 
Ch!pOC1,,  melting  at  3^  and  boiling  at  163°.  The  ethyl  phcspho-acul, 
C2H5(OH)2PO.  melts  at  44°  • 


C.  ALKYL  PHOSPHINIC  ACIDS. 

These  are  derived  from  hypophosphorous  acid,  H.2PO(OH).  They  are  produced , 
as  described,  by  oxidizing  the  secondary  phosphines  with  volatilizes 

Snf £com^siSm),1L°ei°a  25^.  fc ''PdUthyi-dithia-phosphinic  acid,  (C.H,),- 
PSSH. 


D.  ALKYL  PHOSPHINE  OXIDES. 

arise  when  the  tri-alkyl  phosphines  are  oxidized  m  the  l^jro^deThy^&i  ^Trietkyl 
in  the  decomposition  of  the  tetra-alkyl  a/zxX3  It  forms,  for  example, 

Phosphine  Oxide ,  P(C2H5)30,  melts  at  53  ^  b°’ls  1  ^  phosphine  when 

FlC.H.J.O,.  with  haloid  adds, PP&P  JZShhu  sulphide,  PlQH^.S.  from 
aided  by  heat.  The  corresponding  trie-\  [  lenvatives  of  PC13,  corresponding  to 
triethyl  phosphine  and  sulphur,  melts  at  94°-  Derivatives  oi  „ 

the  alkyl  chloramines,  are  known  (B.  I3>  2I74)* 


7.  ARSENIC  ALKYL  COMPOUNDS. 

Arsenic  is  quite  metallic  in  its  character  ^  ttealkyUompOTn  s^(  ^ 

Jtitute  the  transition  from  the  nitrogen  ,  compounds  of  the 

so-called  metallo-organic  derivatives  i.  •»  •  t0  tjie  amines  and 

alkyls  with  the  metals  (p.  .82).  The  stm.lamy  As(CH 

phosphines  is  observed  in  the  existenc  t|iey  unite  with  acids, 

but  these  do  not  possess  basic  properties,  n  tertiary  phosphines, 

They  show  in  a  marked  degree  the  propei  halogens  to  form  com- 
in  their  uniting  with  oxygen,  sulphur,  an  ^jaikyl  arsines  are  not 

pounds  of  the  type  As(CH,).X,.  Mono-andc l-^>ever,  not  so  tm- 

known.  Tri-alkyl  derivatives  exist.  1  hese  , 
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portant  as  the  cacodyl  compounds  have  been  in  the  development  of 
organic  chemistry. 

In  1760  Cadet  discovered  the  reaction  which  led  to  the  study  of  the  arsenic  alkyls 
He  distilled  arsenious  acid  together  with  potassium  acetate,  and  obtained  a  liquid 
which  was  subsequently  named,  after  its  discoverer,  Cadet's  fuming ,  arsenical  liquid. 
From  1837-1843  Bunsen  carried  out  a  series  of  splendid  investigations  (A.  37,  1  • 
42,  14;  46,  1),  and  demonstrated  that  the  chief  constituent  of  Cadet’s  liquid  was 
“  alkarsine,”  or  cacodyl  oxide,  whose  radical  “cacodyl”  Bunsen  also  succeeded  in 
preparing.  Berzelius  proposed  the  name  cacodyl  (from  na/cudr/g,  stinking)  for  this 
very  poisonous  body  with  an  extremely  disgusting  odor.  Bunsen  showed  that  it 
conducted  itself  like  a  compound  radical.  Together  with  the  cyanogen  of  Gay- 
Lussac,  and  the  benzoyl  of  Liebig  and  Wohler,  assumed  to  be  present  in  the  benzoyl 
derivatives,  it  formed  a  strong  support  for  the  radical  theory.  But  later  it  was  found 
that  cacodyl  was  no  more  a  free  radical  than  was  cyanogen,  but  that,  in  accordance 
with  the  doctrine  of  valence,  it  was  rather  a  compound  of  two  univalent  radicals 

As(CH3)2 

— As(CH«)9,  combined  to  a  saturated  molecule  :  I 

As(CH3)2. 

Valuable  contributions  have  been  made  to  the  chemistry  of  the  arsenic  alkyls  by 
Cahours  and  Riche  (A.  92,  361),  by  Landolt  (A.  92,  370),  and  particularly  by  Baeyer, 
who  discovered  the  monomethyl  arsenic  derivatives,  and  made  clear  the  connection 
existing  between  the  alkyl-arsenic  derivatives  (A.  107,  257). 

The  following  reactions  give  rise  to  arsenic  alkyl  compounds : 

(1)  Cacodyl  Oxide,  or  Alkarsine ,  is  produced  by  the  distillation  of 
potassium  acetate  and  arsenious  acid.  This  is  a  delicate  test,  both  for 
arsenic  and  for  acetic  acid  : 

4CH3 .  C02K  4-  As203  =  [(CH3)2As]20  +  2C03K2  +  2C02. 

(2)  By  the  action  of  zinc  alkyls  upon  arsenic  trichloride,  and  (3)  by 
the  action  of  the  alkyl  iodides  upon  sodium  arsenide : 

2AsCl3  +  3Zn(CH3)2  =  2As(CH,)3  -f  3ZnCl2 

AsNa3  -j-  3C2H5I  =  As(C2H5)3  -j-  3NaI. 

(4)  The  transposition  of  trisodium  arsenite  by  alkyl  iodides  gives 
rise  to  the  sodium  salts  of  alkyl  arsonic  acid  (A.  249,  147)  : 

AsOsNa3  +  CH,I  =  CH3AsO(ONa)2  +  Nal. 


rM  A_n  Methyl  Arsen- 
GrljAsGlj,  dichloride. 


Table  of  the  Alkyl-  {Methyl-)  Derivatives  of  Arsenic. 

Methyl 

CH»As0>  CH,.AsO(OH)„  Arsenic 

(CHs),AsCI.  Cacodyl  Chloride.  [(CH,),As],0,  (CH,),AsO.OH,  °£3dV 

(CH3)3As,  Trimethyl  Arsine.  (CH3)3AsO,  Trimethyl  Arsine  Oxide. 
(CH^.AsI.T'^1^;  (CH,).AsOH,  Tetramethyl  Arsonium  Hydroxide. 

(CH3)2— As 

V  |  .Cacodyl. 

(CH3)2 — As 


MCttO-AIXtl  ASStXE  COMKOI^, 
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f*A*eue*  hr  £*  ^TjTae.T«  «T 

“*  *•»  v**YJGuci  <rf  the  form  A*3L  Tbt  kr  ai«Sc  av- 

ry-.cft  rMii,  tic  scr*  mdBkj  do  tier  sprit «e  ssedrri  cmotkc.  Tbs  4* 

;  -  ^  ^  ^  ^ ^  ^  ^  ^ £t  ^  ^  ^ ( 

As.  CHj  ,  - ~ — 5"  As.  CH^O, - s>-  CH/T  +  As  CH,)^a 


A*CH,^a 

Aa'CH^iO, 


-a. 


C5. 


^  A*  CHj^jOj 

->  A^CH^  a. 


->  CHjQ  —  As  CH,  O, 


— s-  CH/3  —  AsCV 

tie  ca&'jazrjss^m  of  cacr/rrlie 


K  siT^neS'icsbride.  As  CH,  CJ^.  r*sbts  i 
scat,  ^  of  A*  CH{/-Ip  ■■ii  hfiwt>k»ic  acid : 

AsCH^O.OH  -  3HQ  =  AsfCHjXI,  —  CHjd  —  2H/j. 


It  is  a  mitt  Srai,  scMIe  is  T*ar.  aid  botk  a  Ijf.  At — ref5  k  —  aiti 
d>jrac,  sxaisg  A*  CH,  Or  Froo  tie  akduSc  tosadoa  hrdragts  sbpkade  pre- 
fijkkfi  tie  tulpkidt,  As  CH,$S,  mrjriag  at  no5. 

'•'•'aa  v>&a  amca:  acts  spz.  tie  aqams  soSatkra  of  use  tficuxide  wtetiii- 
zr-^rnssxtd',  Ai  CHt  O,  is  forEst/i.  It  selb  a^aaidkik  akagwsii  tfem  Tie 
oiide  is  basic,  az*c  aar  be  ccoTtsttd  br  tie  bkid  acids  asd  Hrt  tea  tie  bkfsa 
demsdro,  AsCH^X^  aid  tie  sup&de,  AjCH,S. 

Surer  task,  acting  opera  tie  aqw«a  v>/atkm  of  the  abore  oxide,  rfoar-ges  k  into 
tie  sfirer  salt  of  aarjotasetiyl  arsooic  acid,  CHjjA/J  OH  ^  as  aci'^te  of  aarthri 
poo speo-add  (p.  i;5>-  When  ethyl  iodide  acts  ipx  sodrara  iae±s,  AK^t'a,, 
r/ifsa  moaoedtr)  arscraate,  C^Hj .  AsO(ONi)p  is  predated. 


Dimethyl  Arsine  Derivatives. — Cacodylic  oxide  or  alkarrin*. 

2  \^Of  is  the  starting-out  material  for  the  preparation  oi  the 

dimethyl  compounds.  Its  formation  from  potassium  acetate  and 
arsenic  trioxide  has  a,  ready  been  given  on  p.  176-  1  ae  crude  oxice 

ignites  spontaneously  in  the  air.  This  is  due  to  the  presence  in  u  of 
2  %l;ght  amount  of  free  cacodyl.  When  prepared  from  ecuodyl  chwrUe 
/■  caustic  potash  it  does  not  indame  spontaneously,  and  is  a  liquid  with 
a  st  tpefving  odor.  It  solidifies  at — 25'.  It  boils  at  120°,  and  at  15'  has 
a  specific  gravity  of  1.462.  It  is  insoluble  in  water,  but  readily  solu¬ 
ble  in  alcohol  and  in  ether.  , 

Dimethyl  Arsine,  Guodyl Hydridt,  CHj  uAsH,  boils  at  ^  .  I: 
is  produced  when  zinc  and  hydrochloric  acid  act  upon  cacodyl  chlo¬ 
ride  in  alcoholic  solution.  It  is  a  colorless,  mobile  liquid,  with  the 
characteristic  cacodyl  odor.  It  inflames  spontaneously  in  the  air 
(B.  27,  1378). 

Cacodyl  Chloride,  A*  CH,  ,C1,  fa  feezed  by  h«ang  J 

iSF^^Sr»  S  h^re  r^robu^:  bj^  ^ooo- 

*re  wWhaai-  mopowid  of  the  oxide  wrtn  bydrc^ranc  the 

writes  with  dblorine  to  form  the  trickhruU,  As  CH,  ^ 

Uansukra  from  the  dhnetbrl  compoands  to  the  mooomethyl  Ccn.anres. 
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Cacodyl  Sulphide,  ^Ss[^^>S,  from  cacodyl  chloride  and  barium  sulphide,  in- 

flaiCacoVy\e Cyanide,  As(CH3)2.  CN,  is  formed  by  heating  cacodyl  chloride  with 

mercuric  cyanide.  It  fuses  at  33°  and  boils  at  140  •  .  .  .  . 

Cacodyiic  Acid,  (CHs),AsO ,  OH  (see  p.  175).  corresponds  u>  .is  composition  .0 
dimethyl  phospliinic  acid.  Cacodyl  oxide,  by  slow  oxidation,  passes  into  cacodyl 
caSate.  which  breaks  down,  when  distilled  with  water,  into  cacodyiic  oxide  and 

cacodyiic  acid : 


As(CH,)1>0  .  0  =  ^SlrH3!S>° 
As(CHs)j  OAs(CH3)2 


+  HjO  =  [  As(CII3)2]20  +  20As(CHs)j  .  OH. 

(jAs^L  rijjj 

It  is  also  obtained  by  the  action  of  mercuric  oxide  upon  cacodyiic  oxide : 

s^ru'I^O  +  2HgO  +  H20  =  2As(CH3)20  .  OH  -(-  2Hg. 

As^CH3)2 

It  is  easily  soluble  in  water,  is  odorless,  and  melts  at  200°,  with  decomposition. 
Hvdriodic  acid  reduces  it  to  cacodyl  iodide.  As(CH3)2I. 

Hydrogen  sulphide  changes  it  to  cacodyl  sulphide. 

PC15  converts  it  into  dimethyl  arsentrichlonde,  (CH3)2AsC13,  which,  like  an  a 
chloride,  regenerates  cacodyiic  acid  with  water. 

As(CH3)2  .  .  . 

Cacodyl,  As2(CH3)4  =  |  ,  diarsentetramethyl,  is  formed  by  heating  tne 

As(CH3)2 

chloride  with  zinc  filings  in  an  atmosphere  of  carbon  dioxide : 


n^As(CH3)2  2«C1  .  Cl .  As(CH3\  _Zn_ 
°<As(CH3)2  ^  Cl .  As(CH3)2 


y  As(CH3)2 
^  As(CH3)2* 


It  is  a  colorless  liquid,  insoluble  in  water.  It  boils  at  1 JO0,  and  solidifies  a 
— 6°.  Its  odor  is  frightfully  strong,  and  may  induce  vomiting.  Cacodyl  takes  re 
very  readily  in  the  air  and  burns  to  As203,  carbon  dioxide  and  water.  It  "e*  5 
cacodyl  chloride  with  chlorine  and  the  sulphide  with  sulphur.  Nitric  acid  con'er.- 
it  into  a  nitrate,  AstCHA, .  O  .  NO,. 

As(C2H5)2  .  .  .  .  . 

Ethyl  Cacodyl,  |  ,  diethylarsine,  is  formed  together  with  triethylarsin 

As(C2H5)2 

on  heating  sodium  arsenide  with  ethyl  iodide.  It  boils  at  1S5-1900,  and  takes  e 
in  the  air.  It  oxidizes  to  diethyl  arsinic  and,  (C2H5)2AsO  .  OH. 


TERTIARY  ARSINES. 

The  tertiary  arsines  are  formed  by  the  action  of  the  zinc  alkyls  upon  arsen. 
trichloride  and  by  heating  the  alkyl  iodides  with  sodium  arsenide. 

Cacodyl,  formed  simultaneously,  is  separated  by  fractional  distillation.  _  .  . 

Trimethylarsine,  (CH3)3As,  and  Triethylarsine,  (C2H5l3As,  are  liquids'"'-1 
very  disagreeable  odor.  With  oxygen  they  yield  Trimethyl  arsenoxide ,  (CHs)sAs^  ’ 
and  Tnethyl  arsenoxide,  (C2H5)sAsO.  These  bodies  correspond  to  tri ethyls »t  1  w - 
oxide  (p.  172)  and  triethyl  phosphine  oxide  (p.  175);  with  sulphur  they  v>eia 
trimethyl-  and  triethyl  arsine  sulphide ,  As(C2H5)3S;  and  with  Br2  and  I2  they  form 
tn methyl  arsine  bromide,  As(CH3)sBr2,  and  triethvl  arsine  iodide,  AsfCjHAjIj- 
Quaternary  Alkyl  Arsonium  Derivatives.  —  Tetramethyl  Arsonium  IodiJ- . 
As(CHj\I,  and  tetra  ethyl  arsonium  iodide,  As(C.H,).I,  are  obtained  by  the  union 
of  trimethyl  arsine  and  triethyl  arsine  with  methyl  iodide  and  ethyl  iodide. 
bodies  crystallize,  and  correspond  to  the  tetra-alkyl  ammonium  and  phospboinuu 
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iodides  (pp.  168,  174).  Like  the  latter,  they  are  changed  by  moist  silver  oxide  to 
hydroxides : 

Tetramethyl  Arsonium  Hydroxide ,  As(CH3)4OH,  and  Tetra-ethyl  Arsonium 
Hydroxide ,  As(C2H5)4OH. 

These  are  crystalline,  deliquescent  bodies.  They  show  a  strong  alkaline  reaction. 


8.  ALKYL  DERIVATIVES  OF  ANTIMONY. 

The  derivatives  of  antimony  and  the  alkyls  are  perfectly  analogous  to  those  of 
arsenic ;  but  those  containing  one  and  two  alkyl  groups  do  not  exist.  We  are  indebted 
to  Lowig  and  to  Landolt  for  our  knowledge  of  them. 

Tertiary  Stibines  are  produced  like  the  tertiary  arsines : 

(1)  By  the  action  of  alkyl  iodides  upon  potassium  or  sodium  antimonides; 

(2)  By  the  interaction  of  zinc  alkyls  and  antimony  trichloride. 

Trimethylstibine,  Sb(CH3)3,  antimony  trimethyl,  boils  at  8l°  ;  its  sp.  gr.  at  150 

is  1.523,  and  Triethylstibine  or  Stibethyl,  Sb  (C2H5)3,  boiling  at  I59°,are  liquids 
which  take  fire  in  the  air,  and  are  insoluble  in  water.  In  all  their  reactions  they 
manifest  the  character  of  a  bivalent  metal,  perhaps  calcium  or  zinc.  With  oxygen, 
sulphur,  and  the  halogens,  they  combine  energetically  and  decompose  the  concen¬ 
trated  haloid  acids,  expelling  their  hydrogen  : 

Sb(C2II5)3  -|-  2IICI  =  Sb(C2H5)3Cl2  -(-  H2. 

Triethyl  Stibine  Oxide ,  Sb(C2H.)30,  is  soluble  in  water,  which  is  also  true  of 
Triethylstibine  Sulphide ,  Sb(C2H5t3S,  consisting  of  shining  crystals.  Its  solution 
behaves  somewhat  like  a  calcium  sulphide  solution.  It  precipitates  sulphides  from 
solutions  of  the  heavy  metals  with  the  formation  of  salts  of  triethylstibine. 

Quaternary  Stibonium  Compounds ,  prepared  from  tertiary  stibines  by  the  addition 
of  alkyl  iodides,  are  changed  by  moist  silver  oxide  into  tetra-alkyl  stibonium  hydrox¬ 
ides.  Tetramethyl  and  Tetraethyl  stibonium  iodide ,  Sb(C2II5)4I,  as  well  as  Tetia- 
methyl  and  Tetraethyl  stibonium  hydroxide ,  (C2H5)4SbOII,  resemble  the  corres¬ 
ponding  arsenic  derivatives  very  much  in  their  properties. 


9.  ALKYL  COMPOUNDS  OF  BISMUTH. 

These  arrange  themselves  with  those  derived  from  antimony  and  arsenic  ;  but  in 
accordance  with  the  complete  metallic  nature  of  bismuth,  we  do  not  meet  any  com¬ 
pounds  here  analogous  to  stibonium  or  arsonium.  _  . 

further,  in  trialkyl  derivatives  the  alkyl  groups  are  less  intimately  united  with  the 
bismuth  than  they  are  with  arsenic  and  antimony  in  their  corresponding  derivatives. 

Tertiary  bismuthides  result  from  (1)  the  action  of  alkyl  iodides  upon  potassium 
bismuthide ;  (2)  the  interaction  of  zinc  alkyls  and  bismuth  tri-bromide. 

Bismuth-Trimethyl,  Bi(CH3)3,  and  Bismuth-Triethyl,  Bi(C2H5)s,  are  liquids. 
They  can  be  distilled  without  decomposition  under  diminished  pressure.  I  hey  ex¬ 
plode  when  heated  at  the  ordinary  pressure  (B.  20,  1516;  21,  2035).  Bismuth 
trimethide  is  changed  by  hydrochloric  acid  to  BiCl3  and  methane.  The  tri-et  n  e  is 
spontaneously  inflammable.  It  unites  with  iodine  to  Bismuth  Diethyl  Iodide,  Bi- 
;  and  with  mercuric  chloride  to  Bismuth-ethyl  Chloride,  Bi(C2H5)Cl2: 

Bi(C2H5)3  -f-  2lIgCl2  =  Bi(C2H5)Cl2  +  2Hg(CaH5)Cl. 
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From  the  alcoholic  solution  of  the  iodide  tlie  alkalies  precipitate  Bismuth-eth  ) 
oxide ,  Bi(C2H5)0  an  amorphous,  yellow  powder,  which  takes  fire  readily  in  the  air 

The  nitrate ,  Bi(CaH6)<Q is  produced  by  adding  silver  nitrate  to  the  iodide. 


io.  BORON  ALKYL  COMPOUNDS. 

These  are  formed  by  the  action  of  zinc  alkyls  upon  (i)  boron  trichloride,  (2) 
boric  ethyl  ester  (p.  147)  (Frankland,  A.  124,  129): 

2B(O.C2H5)3  3Zn(C2H5)2  =  2B(C2H5)S  -j-  3(C2H5 . 0)2Zn. 

Trimethyl  Borine  is  a  gas. 

Triethylborine,  or  Borethyl,  B(C2H5)3,  boils  at  950.  Both  ignite  in  contact  with 
the  air  and  possess  an  extremely  penetrating  odor.  When  heated  together  with 
hydrochloric  acid,  ethyl  borine  decomposes  into  diethylborine  chloride  and  ethane : 

B(C2H5)3  +  HC1  =  B(C2H5)2C1  +  C2H6. 


Slowly  oxidized  in  the  air,  triethylborine  passes  into  the  diethyl  ester  of  ethyl  boric 
acid  or  Boron  Etho-diethoxide,  B(C2H5)(O.C2H5)2,  boiling  at  1250;  water  de¬ 
composes  it  into  ethyl  boric  acid,  C2H5.B(OH)2. 


11.  SILICON  ALKYL  COMPOUNDS. 

Silicon  is  the  nearest  analogue  of  carbon.  Its  similarity  to  the  latter 
shows  itself  very  strongly  in  its  derivatives  with  the  alcohol  radicals, 
which  in  many  respects  resemble  the  correspondingly  constituted 
paraffins  (Friedel ;  Crafts;  Ladenburg,  A.  203,  241).  As  early  as 
^63  Wohler  directed  attention  to  the  analogy  existing  between  the 
carbon  and  silicon  compounds. 

Silicon  Tetramethide ,  Si  (CH3)4,  corresponds  to  Tetramethyl  Methane, 
C(CH3)4. 

Silicon  Tt etraethide ,  Si(C2H5)4,  corresponds  to  Tetraethyl  Methane, 

(  :(c2h6)4. 

I  hey  are  produced  like  the  alkyl  borines  when  zinc  alkyls  act  upon 

(1)  Silicon  halogen  compounds; 

(2)  Upon  esters  of  silicic  acid. 

Silicon-methyl,  Si(CHj)(,  from  SiCl.  and  zinc  methyl,  boils 
at  30°. 

Silicon-ethyl,  ^  Silicon-tetraethide,  Si(C2H5)4,  Silicononane, 

fiom  SiCl4  and  Zn(C2H5)2,  by  the  action  of  chlorine,  formsasubstitutici1 

product,  Si  (^pj^p  silicononyl  chloride.  Potassium  acetate  chanS^5 
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this  to  the  acetic  ester  of  silicononyl  alcohol,  which  alkalies  decom¬ 
pose  into  acetic  acid  and  silicononyl  alcohol : 


C2H>bl<C2H5 

Silicononane, 

B.  P.  1530 


_i».  C2H5  g  X2H4C1 
^C2H5>bl<C2H6 
Silicononyl  Chloride, 
B.  P.  185° 


>C2H5>Si^C’H<OH 


Silicononyl  Alcohol. 
B.  P.  190°. 


Silicon  Hexethyl,  or  Hexethyl-silicoethane,  Si2(C2H5)6,  from  zinc  ethyl  and 
Si2l6,  boils  from  250-253°. 


IV 

Triethylsilicon  Ethylate,  (C2H5)3Si.O.C2H5,  boils  at  1530. 

Diethylsilicon-diethylate,  (C2H5)2Si.(O.C2H5)2,  boils  at  155. 8°. 

Ethylsilicon-triethylate,  (C2H5)Si(O.C2H5)3,  is  a  liquid  with  a  camphor-like 
odor,  boiling  at  159°-  These  three  compounds  are  produced  when  zinc  ethide  acts 
upon  silicic  ethyl  ester,  Si(OC2H5)4  (p.  147). 

Acetic  anhydride  converts  triethyl  silicon  ethyl  ester  into  an  acetic  ester.  When 
this  is  saponified  by  caustic  potash,  it  yields  Triethylsilicon  hydroxide  or  Triethyl 
silicol,  (C2H5)3Si  OH,  corresponding  in  constitution  to  Triethyl  carbinol. 

Acetyl  chloride  changes  diethyl  silicon  diethyl  ester  into  Diethylsilicon  chloride , 
(C2H5)2SiCl2,  boiling  at  148°.  Water  transposes  it  into  diethylsilicon  oxide ,  (C2H5)2- 
Si .  O,  corresponding  to  diethyl  ketone  in  composition. 

With  acetyl  chloride  ethyl  silicon  triethyl  ester  forms  ethyl  silicon  trichloride , 
(C2H5)SiCl3.  This  liquid  fumes  strongly  in  the  air,  boils  at  about  loo0,  and  when 
treated  with  water  passes  into  ethyl  silicic  acid,  (C2H5)SiO.OH  (Silico-propionic 
acid),  which  is  analogous  to  propionic  acid,  C2H5.CO.OH,  in  constitution.  It  is  a 
white,  amorphous  powder,  which  becomes  incandescent  when  heated  in  the  air. 
With  the  corresponding  propionic  acid  it  only  shares  the  property  of  being  an  acid. 


Table. 

(CjH^jSiOH,  Triethyl  Silicol  corresponds  to  (C2H5)3C  .  OH,  Triethyl  Carbinol. 
(^H^SiO,  Diethyl  Silicon  Oxide  corresponds  to  (C2H5)2CO,  Diethyl  Ketone. 
C2H5 .  SiO .  OH,  Silico-propionic  Acid  corresponds  to  C2H5 .  COOH,  Propionic  Acid. 


12.  GERMANIUM  ALKYL  DERIVATIVES. 

The  compounds  of  germanium  form  the  transition  from  those  of  silicon  to  those 
of  tin. 

Germanium- Ethide,  Ge(C2H5)4,  is  formed  when  zinc  ethide  acts  upon  ger¬ 
manium  chloride.  It  is  a  liquid  with  a  leek-like  odor.  *It  boils  at  1600  (Cl. 
Winkler,  J.  pr.  Ch.  [2]  36,  204). 


13.  TIN  ALKYL  COMPOUNDS. 

In  addition  to  the  saturated  derivatives  with  four  alkyls,  tin  is  also 
capable  of  uniting  with  three  and  two  alkyls,  forming  : 


Sn(C2H5)4 
Tin  Tetraethyl 


Sn(C2H5)3 

Sn(C2H5b 
Tin  Triethyl 


Sn(C2H5)2 

Sn(  C2H5)2 
Tin  Diethyl. 


or  Sn(C2H5)2. 


182 


OP  G  A  SIC  CHEMISTRY. 


The  alkyl  derivatives  of  tin  were  studied  by  L3wig,  Gaboon,  Lades torg  -<v 
others.  The  reaction*  resorted  to  in  order  to  com  kr.r  tin  with  *  kri*  i—  * .'V.,  ^ 
were  employed  with  arsenic,  antimony,  and  other  elements.  ft  T;.e  action  of 
alkyls  upon  stannic  chloride,  when  Sc.  CHJ)4a*d  So'f  ,H.  ,  ace  prcd  .vsc  2 
action  of  alkyl  iodides  upon  tin-sodium  (tin  aior.e  or  te  z  »Vber.  5 

tains  a  great  deal  of  sodium,  Sn(C,H.  ,  is  produced,  bat  when  compare  *■  ! 
sodium  is  present  the  chief  prodoct  is  Sn(C,H,  ,1,  Sodium  abstracit  n  -1  '..r. 
both  of  the  primarily  formed  iodides  with  the  Kwmation  of  Sr.?  C,ff»  4  tr.  -  ... 

Hj),,.  These  can  be  separated  by  means  of  alcohol,  in  which  the  latte-  1  -  ,-  .  * 
Tin  Tetram ethyl,  SofCH,  „  boils  at  yjp.  Tin  Tetraethyl,  Stannic  Etk.de 
So(CjHj)^  Ijoils  at  1815  and  possesses  a  specific  grarity  of  1187  «  23  -.  .r/  -.  «* 

colorless,  ethereal  smelling  liquids,  my^nite  in  water,  fcy  -  be  sc*  r.  of  * 
gens  the  alkyls  are  successively  eliminated.  Hydrochloric  acsd  acts  7 


So^Hj)*  -  I,  =So.C,HinI  -  CjHjI.  esc. 
So  4-  HQ  =  So  CjHjijQ  -r  2C,H*  etc. 


The  alkyl  grccips  are  not  so  firmly  mailed  in  the  zinc  alkyls  as  tbev  art  *  :jt 
alkyls  of  silicoo. 

Tin  Trietfcy!  Iodide,  Sq;C,H,  ,T,  boils  at  2 31  act  La=  a  spec ‘e  i 

I.833  21  22°  Tie  /rzk/Ay/  ckleruu,  Sw  C,H.  tCl,  boils  at  fr  c  yA-2Hr.  laa  a 
specinc  gravity  of  1.428.  Alcohol  is  a  -'.Iveot  few  both.  When  e  ter  cce  a  jzsk 
upon  by  silver  oxide  or  caustic  potash,  there  is  p reduced  : 

Tin  Triethyl  Hydroxide,  So  C^H.  ?  OH,  melting  at  66s  and  rXte?  2: 

It  volatilizes  along  with  the  steam.  It  is  sparingly  y>lshie  ia  wa'tr.  tec  c  ho  *5 
reatlLy  in  acchol  and  ether.  It  reacts  strongly  s  «taliae,  zed  viel'i*  cr>  •  ■  *  a. 

with  the  adds.  c.g,.,So(CtHs^>.Q.  XOr  Hikes  tae  hydroxide  fa  sealed  c  -  2* 
to  almost  tee  bo. .mg  temperature,  it  tweaks  down  into  water  it:  :*  "r?;  . 

Sn  ^  l*TI*d,  which  ia  the  presence  of  wa^er  at  ooce  fegeserscss  te 

hydrate. 


»  cr. 


,  .  T:n  Tr?cth-vL  Wi),  (see  above),  k  a  Irni,  (f _ 

be  ns  akobo.,  bm  readily  soitsUe  ia  ether.  It  dkd*  wki  slight  decr.c. 

265-270P.  It  combines  wkh  oxygen,  fcrmiag  riutrktiyl  oxide.  ^  r:l 


and  with  iodine  yidds  tm-triechy!  iodide,  2at  C_H-  X 
.  Tin  .'wa/CIHi  ,,  or  iic  C,H-  ^  k  a  thick  oiL  4anapng  vizc  k*8* 

nK£L^^H2  *.  *■*  «  combines  wni  orvgea  aci  the  hakgkes 

,  g»A^CUwrfr,  -d b  and  ices  a£  23ri»  Tr*  -  - 

24  44-5%  ^  K&  Sit  24^. 

Ac  lul!!^!lT  hyfctH?dc  **  fern  r  i—  srAtTJG- 


rf  :r.a 


7**  *  wfehe  insolmie  powder  It  k  * 

excess  .f  alkali,  and  kiss  oysaHtae  sads  with  the  acids,  «.  g-.,  Sc  C^HS.  2  ^  v; y 
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^  .-^Z  ' .  OJtBP0®*d5  a*e  those  reading  frc*E  tbe 

r  lT1r  whfc  :fae  biraler::  aTc 

C.H^.  -i.e  not  yet  oeen  feejarec.  Ii^r.  xL  2=  we  have  *c 


3 ISZ  k  ~  LJXJ9C-A3TJZ  . 


ill 


'A  -jrf.TF’ZZL  M£tafa  £31  DOQ^Kbk, 

oe ttx'-tss  zr: inefi  ii«=af>«s-  x  tie  tee  ade.  by  tie  dema crres  of 
3BF  aad  aoeaac,  to  ike  tiest  xra  acid  nilxapga  bases :  tt,t  oc 


xber.  tfeytzi  tie  KSeztam  oeap/acs,  to  tie  stltitr  dkris  2nd 
etber*:  Tier*®  tie  eat  deriTSins  zt-cari:  tkse  of  tt.  it:  tie 
latter  stcrtacii  tie  skcoo  aZkji=  aad  tie  tjdrtczrbtcs- 


Ttera.  i  S  they  JT-ST-iTt 

*i 


It  --XttSiti 


a  tie  psri:oc  r 

ICEKLiSa  ~ 
iirt  oernrRs.  It 


txree 


Za-ca,  Kg>. 


in 


) 


Ti»tst  cuBfKMS&ds  it  viuck  tte  rretzs  trese_t  tietr 

eg-. 


tixt 


Kg  TH,  -  A^CHJ,  E»  CH^,  SkCHJ,  a 

ar5  Ttiie  Littads-  tstailj  distill.ti  aadBOOMpascd  ia  v-tcr  :c:~ 

tkaefcre,  tv^  .deserzitat: on  w  taetr  Ta^or  detsty  3  at  acctraic  nmais 
«  ssaiiiiitg  tbetr  n>;ecta:  ■weight-  and  tee  vajecce  ot  the  teas. 

arali.  derr^  5 
mAt.  The 


Tie  beanx  of  the  _ 

ietesDrx  ej  »  egte  airy]*.  is  sre^- 


by  ie 
nacts.  e/.f 


HgCH,—  TL  CHj 5 —  ILCH,,-  Fh  CH*  , 


5b  CH,  , 


bow  r*s« *famce  to  tie  aia2  Kol;  n  2Z  iar  Lae  aba 

tadxsHtf  ther  *g — ex.  be  ssi'g»d  They  jitii  — y —  ertifs,  e.  /-> 

KCHjij.OH, 

n^irals  «s:  sepa- 


HgCjH^.OH  TlTCHj^.OH 


VSfetT 
a  tt  irict 


to  KOH 


id  XaOH. 
doe^e 


of  tie 


res: 


S^CH** 


AiCHji,  ,  „ 

L^ca^  A»ch^  s«(CH,^ 


PUCH,,, 

PbCH^V 


By  the  edt  of  two  alkyls  5t®  lie  sararatsi  oceapeends,  the  tercet, 
scsslt # 


in 

=  IS^CHjj 


=  Te  CH,  *, 


=  So'CjHj;,  =  SbiCH^V 


•  comptw*  -oxides  aa*  saZs  these  itseaUe  the  ***“ 

or  Uk  -rWi  tf  the  group.  A  few  of  them  occur  m  &ec  coodmoo.  As 
— 1  Mi  WiJ  nsrXetalrt,  bower  ex,  they  are  highly  hachned  to  sartraie  ^  -.  -^ 

*ret£7.  AatJBBoey  trieUxri,  Sbf  C,H;  ,  see  p.  177). 

*eAyl,  Te  C,H,  hare  the  power  of  aaeing  with  aods  to  form  ^LitT *" 
'  berated  at  tislLethae.  This  worfd  indicate  a  distract  metalbc  dmracJer. 

r«aSy,  the  trirafeot  radical,  Hke  aIcH,^  can  afaoig«  ^ 

*  tW  cae,  no,  with  totI,  C,Ht  These  may  be  compared  to 

cacr^r'a:  acto,'  aScHjj/J-OH  (p.  17^.  «®  a-cmiminn  metabydrate, 

aio.oh. 
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We  conclude,  therefore,  that  the  electro  negative  metals  bv  the  • 
alcohol  radicals,  always  acquire  a  more  strongly  impressed  basic  a2 T100  of 

This  also  finds  expression  with  the  non-met.^snlphTr ^  phos^  teS 
(Compare  pp.  148,  173,  175.)  v  1  h  P  us,  arsenic,  etc.). 


The  first  metallo-organic  derivatives  were  prepared  by  Frankknd 
Zinc  alkyls  are  particularly  important  as  carriers  of  alcohol  radicals 

Methods  of  Formation : 

CO  Action  of  metals  (Mg,  Zn,  Hg)  upon  alkyl  iodides. 

(2)  Action  of  alloys  (Pb,  Na)  upon  alkyl  iodides  (see  Bi-,  Sb-  Sn 

compounds).  '  ’ 

(3)  Action  of  metals  (K,  Na,  Be,  Al)  upon  metallo-organic  bodies 
(zinc  alkyls,  mercury  alkyls). 

(4)  Action  of  metallic  chlorides  (PbCl2)  on  metallo-organic  deriva¬ 
tives  (zinc  alkyls ;  compare  BCl*,  SiCl4,  SnCl4,  GeCl4  upon  zinc  alkyls). 


A.  COMPOUNDS  OF  THE  ALKALI  METALS. 

When  sodium  or  potassium  is  added  to  zinc  methide  or  ethide,  zinc  separates  at 
e  ore  uvary  temperature,  and  from  the  solution  which  is  thus  produced,  crystalline  com- 
poun  s  eposit  on  cooling.  1  he  liquid  retains  a  great  deal  of  unaltered  zinc  alkyl, 
u  1  a  so  appears  to  contain  the  sodium  and  potassium  compounds — at  least  it  some¬ 
times  reacts  quite  differently  from  the  zinc  alkyls.  Thus,  it  absorbs  carbon  dioxide, 
forming  salts  of  the  fatty  acids  (Wanklyn,  A.  111,  234) : 

C2H5Na  -{-  C02  =  C2H5  .  COxNa. 

Sodium  Propionate. 

These  decomposable  bodies  cannot  be  separated  in  a  pure  condition. 


B.  COMPOUNDS  OF  THE  METALS  OF  THE  MAGNESIUM  GROUP. 

000  Ethide,  Be(CjH5)2,  formed  by  the  3d  method,  boils  at  from  1850- 

o  and  ignites  spontaneously.  Beryllium  Propyl,  Be(C3H7),,  boils  at  2450. 
2.  Magnesium  Ethide,  Mg(C2H5)2.  On  warming  magnesium  filings  with  ethyl 

iodide  away  from  contact  with  the  air,  magnesium  ethyl  iodide,  Mg<^Hs, 

Joying  heat  to  this  it  decomposes  into  Mg(C«H«)„  and  Mgl2  (B.  25, 
co^iJbV  „a7t:r8)-  “d  like  (see  t&f,  ere  *• 


C.  ZINC  ALKYL  COMPOUNDS. 

Zinc  methide  and  zinc  ethide  were  discovered  in  1849  by  Frank 
land  (A.  71,  213  ;  85,  329;  99,  342).  The  zinc  alkyls  are  exceed¬ 
ingly  reactive,  and  are,  on  this  account,  the  most  important  class  of 
the  metallic  alkyls.  1 

Methods  of  Formation. — (1)  When  zinc  filings  act  upon  iodides 
of  the  alcohol  radicals  in  sunlight,  iodides  are"  formed,  which  are 
decomposed  by  heat  into  zinc  alkyls  and  zinc  iodide : 


CjHj1  4-  Zn  =  I_Zn_C2H 
2Zn<r"5  =  Zn(C,Hl)l  +  ZnI,. 


zrj&rxryzz- 


x  in 


_  _  _  i«x  pcr^rCTs^’T  racra&K. 

vc  :®  noiCcQui  ie  2ic^»:cnni  x  nii-L’xcc 
iMHrr*-  5  zrjvr^i 


— i  prr^rrar  ^tc  edrr^ 

:  nupn^  hui  2.  me  znr^  ^m:  -*n:i^  ^  iCkiisi.  ~nt 
iacnao  Cft.fc  —  tcmriiTiei  a:  ^ie  xr^r  ~j*tt'-<«— n  i  .-*  w  - TT=  -0-  T 

jgagg  n  xsr^e  trssstBresr  trj^a.^  Vies.  r  a  jl  j.  ~n— 

feats  r.nc  -nixie  A.  15.2.  23;^  I  22,  i_  *5  _ 

:  i~iT—  ^  TgI?=ccse:I  if  irn:  err  ZTTr  sfcjfc.  TTT  — 3SZSZ 


x€U,k 


Rnferi fcj — Tie  ; 

- |bct,  :mr  g-'r-'j  ~  *_x 
Hex  cs  HlIt  fie  aneawi  5*  ia 
~.n  ~fL«rr  1 


■ffcac  of  caries  drriiV  i  iej 
is  contact  w±3i  ne 


Zizc  Mrrrrfe  Za  .CjT  ioii  sc  er*.  I3E-  p  e  st*  a  I_5?c 
Zix  S«±iis.  Zm  iH:  _.  hcijs  s  n?.  d:  jas  ue  sc.  zx  1.  m  £  :  1-. 


Zrc  Pric'j  i  Za  CH.  IH.  .CE,»  iris  a  Urx 
2cc  lacxrccT"-.  Zii  ,ii- ...  xls  £  2.  a£  3_  jfc 

Zac  1  sco— j  2  Zi  C  jiij  T  Vis  s  A  223.  CMS 

Zee  isca.— 7-,  Zk.  C^i-  l  mls  a:  xiT  A.  13c.  las  ). 

rviac3teffiaiaBc. — Tie  cue  liiyis  are  escseiixrlj  re*cr*» 

I  B  arer  lexcmccfes  ~t«— r  -r-^-t  exerpeeiiil-.  ixmg  cftxtcaricES  aoc  m: 
iftrtxjce  see  ittrizie  Zitsce.  tc-  *1.  ii 

i  Oijjj  e  loieri  tf  saow  t-iiixoax  31  tie  ar  o:  tomtom,  is.  e  /•  -  -  K.  ..,- 

ZsTju.  a^u'^-js  t&  ~r- — ;i'i»<  ire  incicK.  Tiest  cctaie 
*"-at  5xm  fttmmmm  incaie  2  27.  U 

3  Tie  SjCrmctS  --r  i  -**—  — »»•  r—Tr-  i  n  -*  — rr  *  rr~r  l.V:TiI<.ir.Sr  £IC 


reo-s 


Ze  ,  -  C^Hs .  OH  =  -  CHe 

x  Tie  Zee  iaiteeas  Seszasgase  bed  tie  site  0x7  -  iZj- 

Zc  r9HS'^  —  2Ees  =  2CtEsE*  —  Zzlc± 

5  Tusf  react  -tx5l  altrxruss  'i  tie  iearj  — -xii?  o:  tie 
*i?»  tenaces  a  ie  *a nrr  ire  prefaced  t-  lit 
-ij  Tie  zzbc  slcra  tiscrx  5 ixcxr 
“=*xi  fc  151 

7  Mckooie  csa-*ss  is 
Txwps  cie  sace  ssi  ce  tie  to- 
-?  'ZCZTJGi  cf  “»  2C>r  £Zil  OCV 
z*r  srr^jcSiK  r/  re? 

f  *  H^trjoctooi  ire  iraei 
_  r-  ^ 

2#  Wa«  aae  sac  loi  a3rr! 


2d  XZCXL 

tsc*r^.  irxi  cUnmed  ztzn 

te*t*mry^  tx  jprimmrj  ikfjbca.  25  nt-  is  </  ir 

Uj,  I  Lx  'ugjxx*  z,  2<x  cam  f^S-7  ie  x«xie:  r: 

^e  tlxr"  g-<  tie  ijcrje:  cxjics  - 

^r*  17. 1#;. 
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D.  MERCURY  ALKYL  DERIVATIVES. 

The  iialkyl  compound ,  are :  formed —  iodides,  with  the  addition  of 

(,)  By  the  interact, on  of  amalgam  y  lhe  ^  ^  jn 

acetic  ester  (Frankland,  A.  130,  105,  ™9) 
reaction  has  not  yet  been  explained : 

2C2H5I  +  Hg .  Na,  =  (C2H5)2Hg  +  2NaI. 

(2)  By  the  action  of  potassium  cyanide  upon  mercury  alkyl  iodides. 

3  By  the  action  of  zinc  alkyls  upon  mercury  alkyl  iodides. 

2C2H5HgI  +  Zn(C2H6)2  =  2(C2H5)2Hg  +  Znl2. 

(4\  By  the  action  of  zinc  alkyls  upon  mercuric  chloride: 

HgCl2  +  Zn(C2H5)2  =  (C2H6)2Hg  +  ZnCl2. 

rsrs^s. 

CUC,Cs)H  S^t8yieW4s4;thane  (p.  II)  when  treated  with  concentrated  sulphuric  acii 

S  othHafoF-;  fo  by  the  action  of  the  haloid  acids;  (c)  by  the 

forms  shining  -dies,  .  --g.  -* 

ing  at  1430.  Silver  nitrate  changes  it  to  methyl  mercury  ?*  "■  mercuric  iodide 

Mercury  Ethyl  Iodide ,  C2H5HgI,  is  decomposed  by  ™n'lJh'’'n£con%,erled  by  HI 
and  C4H10.  Mercury  Allyl  Iodide ,  C3H5HgI,  melts  at  135  ,  the  haloid 

into  propylene  and  mercuric  iodide,  Hgl,.  Moist  silver  oxide  changes  the 

derivatives  to  hydroxyl  compounds  : 

C2H5HgCl  +  (AgOH)  =  C2H5 .  Hg  .  OH  +  AgCl. 

Ethyl  Mercuric  Hydroxide ,  C2H5HgOH,  is  a  thick  liquid,  soluble  in  water  and  in 
alcohol.  It  reacts  strongly  alkaline,  and  forms  salts  with  acids. 


E.  ALKYL  COMPOUNDS  OF  THE  METALS  OF  THE  ALUMINIUM  GRO 

•  from  boron 

The  aluminium  alkyl  derivatives  attach  themselves  to  those  springi  g  ajunJjniuin 
(p.  180).  They  are  produced  by  the  action  of  the  mercury  alkyls  up 

filings.  .  .  Triethyb  ^ 

Aluminium-Trimethyl,  A1(CH3)3,  boils  at  130°.  Aluminiu  inflaininable- 
(C2H-)3,  boils  at  1940.  Both  are  colorless  liquids  and  are  spontaneo  y  ^  ajuminium 
Water  decomposes  them  with  great  violence,  forming  methane  (ethane;  Al(Q^5 
hydroxide.  Their  vapor  densities  answer  better  for  the  molecular  or 
than  for  A12(CH3)6  (see  B.  22,  551 ;  Z.  phys.  Ch.  3,  164).  Drepared. 

The  derivatives  of  trivalent  gallium  and  indium  have  not  been  p  1 

The  thallium-diethyl  compounds  are  known.  .  p.Vnde  isall°we 

Thallium-Diethyl  Chloride,  T1(C2H5)2C1,  is  formed  when  zinc  ei 

to  act  upon  thallium  chloride.  .  ,  ,  this  by  ^°ub 

Thallium-diethyl  salts,  e.g.,  T1(C2H5)20  .  N02,  are  obtain^v“u  bariuni  byd^ 
decomposition  with  silver  salts.  If  the  sulphate  be  decomposea  ,jjy  solnbie 

thallium-diethyl  hydroxide ,  T1(C2H5)2 .  OH,  is  obtained.  This  is  reaction- 

water,  crystallizes  therefrom  in  glistening  needles,  and  has  a  strong  a  * 
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F.  ALKYL  COMFOUlfC/S  OF  LEAD. 

These  are  very  t.rc.lar  to  the  derivative*  of  tin  fp.  i£i ).  Deriva¬ 
tive*  contamng  two  z  kyl  group*  combined  with  Me  atom  of  leac  do 
not  vtM.  In  the»«  the  lead,  a*  in  most  of  it*  inorganic  derivative*, 
iron.  "3  >e  hi  valent.  I.ead  a  r.b  are  prodticed  ( i  )  by  acting  upon  ,eac 
ch  vr.de  with  rinc  ethide;  Ko  C,H*)«;  by  the  interaction  of  aiks  i 
iodide*  arxi  lead  vxiiura :  Pb^CjH*  *. 

T'iratnrth'4*,  HtgCH,  ,,  Vj*J*  ai  I V/.  Zv<k/  Tetrarthtd',  FVC,Ht  t  t'/; 

TruthuU,  ^ve<4)fir;‘idi  wkidb  caasarA  bediatiDed  vzOaoat  doccs*- 

ymstu,  1  'w.  vwluit,  rr/K^ij  <*I,  n  ^/iaeed  «bes  k4«e  act*  apua  >*J  trtwteig. 
Os  -  *rJ#  wr«l  «•!  >  ei  'rxiAe,  lead  tridhyl  hydroxide.  FKCHL^OH,  4rJf 

'/re.  Tlw  r«cu  »«ry  *,<  %.**►,  ao-i  f«nu  oteL-iae  ulu  vita  tae  aodi  Tie 
rntf-haU,  [P'/b}H,  diMoiT**  :s  vjttr  wit  d^baLAj, 


2.  ALDEHYDES  AND  3.  KETONES. 

When  the  derivatives  of  the  methane  hydrocarbons  containing  oxy¬ 
gen  were  discussed,  attention  was  directed  to  t?*e  intimate  genetic 
fixations  existing  on  the  one  hand  between  the  primary  alcohols, 
the  aldehydes  and  mono  car  box)  lie  acids,  and  on  the  other  between  the 
secondary  alcohol*  and  the  ketones  fp.  108). 

Aldehydes  and  ketones  contain  the  carbonyl  group  CO,  which  in 
the  latter  unites  two  alkyls,  but  in  the  former  is  combined  with  only 
one  alkyl  and  one  hydrogen  atom : 

ax^ 

Aifabj4e  Dimethyl  VLeu. me. 

'.This  expresses  the  similarity  and  the  difference  in  character  of 
aldehydes  and  ketones. 

Aldehyde*  and  ketones  may  be  considered  as  the  oxides  of  bivalent 
radicals,  or  as  the  anhydrides  of  diacid  alcohols,  or  glycols,  in  which 
both  hvdroxyl  groups  are  attached  to  the  same  terminal  or  inter¬ 
mediate  carbon  atom.  Whenever  the  formation  of  dihydroxyl 

derivative*  of  the  type  might  be  expected,  then,  except 

in  very  rare  instances,  water  separates,  an  anhydride  is  produced,  and 
double  union  between  carbon  and  oxygen  follows,  with  the  production 
of  the  carbonyl  group  ^C  =  0.  Ethers,  however,  of  diacid  alcohols, 
of  the  ortho -aldehydes  and  ortho  ketones ,  can  exist,  e.  g.: 

CH* .  CH(0. C,H4)t  axvi  CH, .  C( O.  C,H4b  CH,. 

The  following  principal  methods  of  formation  are  common  to  alde¬ 
hydes  and  ketones ; 

(1 )  Oxidation  of  the  alcohols,  whereby  the  primary  alcohols  change 
to  aldehyde*  and  the  secondary  to  ketones  (p.  1 1 1). 
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In  this  oxidation  an  oxygen  atom  pushes  itself  between  a  hydrogen  atom  and  the 
carbon  atom  to  which  the  hydroxyl  group  is  joined.  In  the  moment  of  formation 
the  expected  diacid  alcohol  splits  off  water,  and  its  anhydride  results, — an  alde¬ 
hyde  or  ketone : 

CHj — CHjOH  - — (CH3  .  CH<°[{)  - >  CH3 .  +  H20 

Primary  Alcohol  Cannot  exist  Aldehyde 

™.>CHOH  (gjj>C<°g) - >CH,>c  =  0  +  Hi0 

Sec.  Propyl  Alcohol  Cannot  exist  Acetone. 

By  further  oxidation  the  aldehydes  become  acids — the  hydrides  of  the  and 
radicals, — while  the  ketones  are  decomposed. 


Conversely,  aldehydes  and  ketones  again  become  primary  and 
secondary  alcohols  by  an  addition  of  hydrogen  : 

CH3 .  CHO  +  H,  =  CH3 .  CH2 .  OH 

Aldehyde  Ethyl  Alcohol 

cS;>CO  +H,  =  CH,>CII0H 
Acetone  Isopropyl  Alcohol. 


Because  the  aldehydes  and  ketones  manifest  an  additive  power  with 
reference  to  hydrogen,  they  may  be  compared  with  compounds  con¬ 
taining  doubly  linked  carbon  atoms,  which  also,  by  a  dissolution  of 
their  double  union,  can  add  hydrogen.  Compounds  of  this  class 
having  in  their  molecules  carbon  atoms  which  are  doubly  (or  trebly) 
united,  are  in  the  more  restricted  sense  called  11  unsaturated  carbon 
derivatives"  (p.  79).  This  idea  may  be  extended,  and  all  carbon 
derivatives  having  atoms  of  other  elements  in  double  or  treble  union 
with  carbon,  may  be  considered  as  “  unsaturaied"  From  this  stand¬ 
point  the  aldehydes  and  ketones  are  unsaturated  bodies  (p. 
in  fact  most  of  the  reactions  of  these  two  classes  are  due  to  the  addi¬ 
tive  power  of  the  unsaturated  carbonyl  group. 

(2)  The  dry  distillation  of  a  mixture  of  the  calcium,  or  better, 
barium  salts  of  two  monobasic  fatty  acids.  Should  in  this  case  one 
of  the  acids  be  formic  acid,  aldehydes  are  produced  : 


H  .  COCk  ~  ,  cti, .  euuvr,  .  ro  c 

H  .  COO>Ca  +  CH3 .  COO>Ca  =  CH, .  COH  +  2LU’Ua- 

Calcium  Formate  Calcium  Acetate  Acetaldehyde. 


CH, .  COO 


CH, .  COH 


It  is  the  hydrogen  of  the  formate  which  reduces  the  acid. 

In  all  other  instances  ketones  result,  and  they  are  either  simp  > 
with  two  similar  alkyls,  or  mixed,  with  two  dissimilar  alkyls  : 


CH3 .  COO 
CH3 .  COO 


CH 


>Ca  =  chs>co  +  C°sCa 


Acetone 


CHS .  coo 

ch3.coo 


^>Ca  4-  ^I^COO-.  — 
>Ca  +  C2H5COO>La  —  2 

Calcium  Propionate 


§H5>co  +  2COsCa. 

Ethyl  Methyl  Ketone. 


On  extending  this  reaction  to  the  calcium  salts 
cyclo-paraffin  ketones  are  produced. 


of  adipic,  pimelic  and  suberic  acid  » 
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(8)  When  the  a-mono-carboxylic  acids  are  treated  with  sulphuric  acid  aldehvH 

are  formed,  with  a  simultaneous  splitting-off  of  formic  acid  or  its  decomposition 
products — water  and  carbon  monoxide  :  position 


CH3 .  CH(0H)C02H  =  CH3 .  CHO  +  H  .  COOH. 

Lactic  Acid  Acetaldehyde  Formic  Acid. 

Note. — Quite  frequently  aldehydes  occur  among  the  decomposition 
products  of  complex  carbon  compounds,  as  the  result  of  their  oxida¬ 
tion  with  MnOa  and  dilute  sulphuric  acid,  or  by  means  of  a  chromic 
acid  solution. 

Nomenclature  and  Isomerism. — Empirically,  the  aldehydes  are  dis- 
tinguished  from  the  alcohols  by  possessing  two  atoms  less  of  hydrogen 
—hence  their  name,  suggested  by  Liebig  (from  Alkohol  dehydroge- 
naius),  e.  g,  ethyl  aldehyde,  propyl  aldehyde,  etc.,  etc.  On  account 
of  their  intimate  relationship  to  the  acids,  their  names  are  also 
derived  from  the  latter,  like  acetaldehyde,  propionic  aldehyde,  etc. 

In  the  “  Geneva  nomenclature”  the  names  of  the  aldehydes  are  formed  from  the 
corresponding  saturated  hydrocarbons  by  the  addition  of  the  suffix  at ;  thus  ethyl-  or 
acetaldehyde  would  be  termed  [ethanal]  (p.  57). 

As  there  is  an  aldehyde  corresponding  to  every  primary  alcohol,  the 
number  of  isomeric  aldehydes  of  definite  carbon  content  equals  the 
number  of  possible  primary  alcohols  having  the  same  carbon  content 
(p.  109).  The  aldehydes  are  isomeric  with  the  ketones,  the  unsatu¬ 
rated  allyl  alcohols,  and  the  anhydrides  of  the  ethylene-glycol  series, 
containing  an  equal  number  of  carbon  atoms,  e.  g.  : 

CH,.CH2.CHO  isomeric  with  CHS. CO. CH3  CH2  =  CHCH2OH  CH,<^j>0- 

Propionic  Aldehyde  Acetone  Allyl  Alcohol  Trimethylene  Oxide. 


Transformations  of  the  Aldehydes  :  A.  Reactions  in  which  the  carbon 
nucleus  of  the  aldehydes  remains  the  same. 

(1)  Aldehydes,  by  oxidation,  yield  monocarboxylic  acids  with  a 
like  carbon  content.  They  are  powerful  reducing  agents : 


ch,c/h  +  o  =  ch3— c^°11. 


s 


o 


Their  ready  oxidation  gives  rise  to  important  reactions  serving  for  the  detection 
and  recognition  of  aldehydes.  On  adding  an  aqueous  aldehyde  solution  to  &  weaa 
ammoniacal  silver  nitrate  solution,  silver  separates  on  the  sides  of  the  vessel  as 
brilliant  mirror.  Alkaline  copper  solutions  are  also  reduced.  A  very  delicate  rea 
tion  of  the  aldehydes  is  their  power  of  imparting  an  intense  violet  color  to  a  fuCh.5|e , 
solution  previously  decolorized  by  sulphurous  acid.  The  following  is  more  sensiti'^ 
Add  an  aldehyde  and  a  little  sodium  amalgam  to  the  sodium  hydroxide  solution^ 
diazobenzene  sulphonic  acid  and  a  violet-red  coloration  is  produced,  (comi  • 
further  B.  14,  675,  791,  1848;  15,  1635,  1828;  16,  657;  17,  K.  385  )  ,,ike 

When  oxygen  or  air  is  conducted  through  the  hot  solution  of  an  aldenj<  j, . 
paraldehyde)  in  alcoholic  potash,  an  intense"  light-display  is  observed  in  the 
many  aldehyde  derivatives,  and  even  grape  sugar,  deport  themselves  sinu  at  .  ^ 
*°»  321) .  Aldehydes  absorb  oxygen  from  the  air.  The  oxygen  in  this  solution) 
ozone,  can  liberate  iodine  from  a  potassium  iodide  solution  (B.  29,  1454)’ 
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which  may  be  regarded  as  salts  of  oxysulphonic  acids.  The  aldehwt* 
may  be  released  from  these  salts  by  distillation  with  dilute  sulnhunV 
acid  or  soda  This  procedure  permits  of  the  separation  and  purified 
tion  of  aldehydes  from  other  substances. 

(8)  Behavior  of  aldehydes  with  ammonia,  primary  alkylamines 
hydroxylamine,  and  phenylhydrazine  (C6H5.  NH  .  NH2).  L)  Thev 
unite  directly  with  ammonia  to  form  crystalline  compounds,  called 
aldehyde-ammonias.  These  are  readily  soluble  in  water  but  not  in 
ether,  hence  ammonia  gas  will  precipitate  them  in  crystalline  form 
from  the  ethereal  solution  of  the  aldehydes.  They  are  rather  unstable 
and  dilute  acids  again  resolve  them  into  their  components.  Pyridine 
bases  aie  produced  when  the  aldehyde-ammonias  are  heated. 

(/)  Aldehydes  and  primary  amines  combine,  with  the  exit  of  water, 
to  form  aldehyde-imides  (p.  161). 

(0  an  exit  of  water  the  aldehydes  unite  with  hydroxylamine  to 
form  the  so-called  aldoximes  (V.  Meyer,  B.  15,  2778). 

It  is  very  evident  that  at  first,  in  these  cases,  there  is  formed  an 
unstable  intermediate  product  (compare  chloral  hydroxylamine,  p. 
206)  corresponding  to  aldehyde-ammonia: 


CHscf° 

\h 


NHoOH 


->  (CH,.C^OH  ) 

\  IT  / 


NHOH 


— HsO 


II 


CHj .  CII :  NOH. 


(</)  I  he  aldehydes  deport  themselves  similarly  with  phenylhydrazine ; 
water  separates  and  hydrazones  (E.  Fischer)  result : 

CH, .  CHO  -f  HjN .  HN .  C#H6  =  CH, .  CH :  N .  NH .  C6II5  +  H,0. 

These  serve  admirably  for  the  detection  and  characterization  of  the 
a  deli)  des.  lhe  aldoximes  and  hydrazones,  when  boiled  with  acids, 
absorb  water  and  revert  to  their  parent  substances.  They  yield  pri¬ 
mary  amines  when  reduced  (p.  161). 


(')  The  aldehydes  also  unite  with  p-amido  dimethyl  aniline  (B.  17,  2939),  wth 
the  ainulo- phenols  and  other  aromatic  bases  (Schiff,  B.  25,  2020). 

(9)  Compounds  are  formed  by  the  action  of  phosphorus  trichloride  upon  aldehydes, 
PO(OH)se(B.ni8?R.  int°  oxyalkyl'PhosPhini‘  e.  g.t  CH,.  CH(OH)- 


(10)  Phosphorus  pentachloride  and  phosphorus  trichlor-dibromide 
rep  ace  the  aldehyde  oxygen  by  chlorine  or  bromine  and  yield  dichlo- 
iu  es  and  dibromides,  in  which  the  two  halogen  atoms  are  linked  to  a 
terminal  carbon  atom  (p.  102): 

CH, .  CHO  +  PCI,  =  CHjCHCl,  -f  RICl,. 

(n)  Phe  hydrogen  atoms  of  the  alkyl  groups  of  the  aldehydes  nia) 
be  replaced  by  chlorine  and  bromine,  as  well  as  by  iodine  and  i°alC 
acid. 

(12)  I  he  lower  members  of  the  homologous  series  of  the  aldeh)^1* 
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polymerize  very  readily.  The  polymerization  of  the  aldehydes  and  thio- 
aldehydes  depends  upon  the  union  of  several  aldehyde  radicals,  CH,.- 
CM—,  through  the  oxygen  or  sulphur  atoms  f  A.  203,  44;.  T  his  phe¬ 
nomenon  will  be  fully  treated  under  formaldehyde  and  acetaldehyde 
(p-  '94). 

H.  Nucleus  synthetic  Reactions  0/  the.  Aldehydes.  (1)  A  Idol  Conden- 
sations. — Two  (or  more)  aldehyde  molecules  may  unite,  under  proper 
conditions,  by  means  of  carbon  linkings.  Thus,  aldehyde  alcohols 
are  formed  from  acetaldehyde:  A  Idol  (Wfirtz)  or  tf-oxybutyraldehyde, 
CH, .  CHOH .  CH, .  CHO  (see  this). 

Similarly,  aldehyde  or  chloral  and  acetone  (p,  214),  aldehyde  and  rnalonic  ester, 
unite  with  one  another.  Hut  almost  invariably  the  resulting  oxy  derivatives  split  off 
water  and  pas*  into  unsaturated  Ixxlies:  aldol  into  crolcmaldehyde ,  CII.CH  = 

CH  (  no.  * 

These  arc  nucleus  syntheses  and  are  often  termed  condensation  reactions.  The 
reagents  suitable  for  the  production  of  such  reactions  are  mineral  acids,  zinc  chloride, 
caustic  alkalies,  a  sodium  acetate  solution,  etc.  Condensation  reactions,  in  which  an 
aliphatic  aldehyde  plays  the  rAle  of  one  of  the  component  or  parent  substances,  will 
be  frequently  encountered.  A  reaction  discovered  by  I'crkin,  Sr.,  when  working  with 
aromatic  aldehydes,  has  been  employed  quite  frequently  to  unite  aldehydes  and  acetic 
acid,  as  well  as  mono-alkyl  acetic  acids,  in  such  a  manner  that  the  products  are 
unsaturaled  monocarboxylic  acids  (see  nonylenic  acid).  The  aldehydes  unite  in 
like  manner  with  succinic  acid,  forming  y-lactone  carboxylic  acids — the  paraconic 
acids  (see  these). 

(2)  Aldehydes  can  also  unite  with  zinc  alkyls.  This  union  is 
accompanied  by  the  breaking  down  of  the  double  union  between 
carbon  and  oxygen.  The  action  of  water  on  the  addition  product 
produces  a  secondary  alcohol  (p.  114).  Olefine  alcohols  result  by  the 
use  of  allyl  iodide  and  zinc  (p.  131). 

(3a)  Aldehydes  also  combine  with  hydrogen  cyanide,  yielding  oxy- 
cyanides  or  cyanhydrins — the  nitriles  of  a  oxy-acids  (see  these),  which 
will  be  discussed  after  the  a-oxy-acids ,  and  which  can  be  obtained 
from  them  by  means  of  hydrochloric  acid  : 

/CN  HQ  .COjH 

CH,  .  CHO  -f  CNH  =  CH, .  CH(  — jjAg— >-  CH»  CH( 

OH  '  Lactic  Acid.  OH 

(h)  Aldehydes  and  ammonium  cyanide  combine ;  water  separates,  and  the  nitriles 

TV  I  T 

of  n  amido  acids,  e.  g ,  CH, .  J,  result.  When  treated  with  hydrochloric  acid 

they  yield  amido-acids  (see  these).  The  same  amido-nitriles  are  produced  by  the 
action  of  CNH  upon  the  aldehyde  ammonias,  and  from  the  oxy-cyanides  and  ammo¬ 
nia.  Cyanides  of  a-anilido-  and  a-phenyl  hydrazido-acids  are  formed  by  the  addi¬ 
tion  of  prussic  acid  to  the  aliphatic  aldehyde-anilines  and  aldehydephenylhydrazones 
(B.  25,  2020). 

Formic  Aldehyde,  Methyl  Aldehyde  [Methanal]  was  dis¬ 

covered  by  A.  W.  Hofmann,  and  was  until  recently  only  known  in  aque¬ 
ous  solution  and  in  vapor  form.  It  may,  as  was  shown  by  Kekul6,  be 
condensed  by  strong  cooling  to  a  colorless  liquid,  boiling  at — 21°, 
and  having  at  — 8o°  the  sp.  gr.  0.9172 ;  at  — 20°,  the  sp.  gr.  0.8153. 
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Liquid  formaldehyde  changes  slowly  at  — 2o°,  rapidly  at  thP  o 
nary  temperature  with  a  snapping  noise,  into  trioxymethylene 
(E.  25 ,  2435).  This  polymeric  modification  was  known  before *th  * 
simple  formaldehyde.  It  resolves  itself  into  the  latter  on  the  annlir, 
tion  of  heat.  Formaldehyde  possesses  a  sharp,  penetrating  odor  anrl 
destroys  bacteria  of  the  most  varied  sort.  It  is  applied  under  the  name 
o {formaline,  either  in  solution  or  as  a  gas,  for  disinfecting  purnose. 
(B.  27,  R.  757,  803;  28,  R.  938;  29,  R.  178,  288,  426). 

Methods  of  Formation.—  (1)  It  is  produced  if  the  vapors  of  methyl 
alcohol,  mixed  with  air,  are  conducted  over  an  ignited  platinum  spiral 
or  ignited  copper  gauze  (J.  pr.  Ch.  33,  321;  B.  19,  2133;  20, 
144;  A.  243,  335).  Lamps  have  been  constructed  for  the  production 
of  tormaldehyde.  Methyl  alcohol  is  oxidized  in  them  in  the  presence 
of  a  platinum  wire  gauze.  Compare  B.  28,  261.  (2)  When  chlorine 

and  bromine  act  upon  methyl  alcohol,  formic  aldehyde  is  produced  (B. 
26,  268),  and  is  converted  by  them  in  sunlight  into  haloid  acids  and 
carbon  dioxide  (B.  29,  R.  88).  (3)  It  also  arises  in  small  quantity  in 

the  distillation  of  calcium  formate.  (4)  By  the  digestion  of  methylal, 
CH2(OCH3)2  (p.  200)  with  sulphuric  acid  (B.  19,  1841). 

Mercklin  and  Losekann,  in  Seelze,  near  Hannover,  manufacture  formaldehyde  tech¬ 
nically  from  methyl  alcohol  by  a  method  not  well  known,  and  offer  its  40  per  cent, 
solution  to  trade,  together  with  numerous  other  derivatives  of  formaldehyde.  The 
quantity  of  formic  aldehyde  is  determined  by  its  conversion  into  hexamethyleneamine, 
(CH2)6N4  (B.  16,  1333;  22,  1565,  1929;  26,  R.  415).  In  the  presence  of  lime 
formaldehyde  condenses  to  a-acrose  or  (d  -f-  1)  fructose  (see  this).  It  yields  penta- 
erythrite  C(CH2OH)4  (see  this)  (B.  26,  R.  713)  with  acetaldehyde.  Formic  alde¬ 
hyde  condenses  in  like  manner  with  ketone-like  bodies. 

In  the  various  reactions  of  formaldehyde  its  oxygen  unites  with  two  hydrogen 
atoms  of  the  reacting  body  to  yield  water.  It  is  immaterial  whether  the  hydrogen  is 
in  union  with  carbon,  nitrogen,  or  oxygen.  The  products  are  diphenylmethane deriv¬ 
atives,  methylene  aniline,  and  formals  of  polyhydric  alcohols  (A.  289,  20). 

Polymeric  Modifications  of  Formaldehyde. — The  concentrated  aqueous  solution  0 


t.t; 


formic  acid  not  only  contains  volatile  CH20,  but  also  the  hydrate  CH2<Cqh 

hypothetical  methylene  glycol,  and  non-volatile  polyhydrates,  e.  g.,  (CH2)20(0H)j> 
corresponding  to  polyethylene  glycols.  Therefore  the  determinations  of  the  wo  e 
lar  weight  of  the  solution,  by  the  method  of  Raoult,  have  yielded  different  va  1 
2I»  35°3  ;  22>  472)-  On  complete  evaporation  of  the  solution  the  hydrates  con 
to  the  solid  anhydride  (CH,0)  ,  paraformaldehyde,  possibly  diformaldehyde ,  ((-‘  2  73e 
Trioxymethylene,  (CH2Q)3,  or  Metaformaldehyde,  is  distinguished  ,fr0.  ]u. 

so-called  paraformaldehyde,  whose  simplicity  has  not  yet  been  established,  by  its 
bility  in  water,  alcohol,  and  ether.  It  is  obtained  by  the  action  of  silver  oxide  ^  Fy 
methene  di-iodide,  or  by  heating  methene  di-acetyl  ester  with  water,  to  100  .  ^(jon 
tilling  glycollic  acid  with  a  little  concentrated  sulphuric  acid,  and  by  the  concen  ^](s 
of  formic  aldehyde  (see  above).  It  is  a  white,  indistinctly  crystalline  mass.  ity. 
at  17 1°.  The  vapors  have  the  formula  CH20,  which  corresponds  to .  .el‘.e(j  wjtb 
When  cooled  they  again  condense  to  the  trimolecular  form.  When  it  is  he  {jDg 
water  to  130°  it  changes  to  the  simple  molecule  CH20,  but  by  prolonged 
carbon  dioxide  and  methyl  alcohol  are  produced  (B.  29,  R.  688).  ,0  jn  a 

When  dry  trioxymethylene  is  heated  with  a  trace  of  sulphuric  acid  to  ,stalliziDg 
sealed  tube  it  is  changed  into  the  isomeric  Trioxymethylene ,  (CH20)j<  - 

in  long  needles  and  melting  at  60-61°  (B.  17,  R.  567).  successful 

The  polymeric  modifications  of  formaldehyde  have  not  yet  been  as 
studied  as  the  polymeric  acetaldehydes. 
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Acetaldehyde,  C2H40  =  CH3.  CHO,  Ethylidene  Oxide [Ethanal], 
is  formed  according  to  the  usual  methods:  (i)  From  ethyl  alcohol; 
(2)  from  calcium  acetate ;  (3)  from  acetyl  chloride  or  acetic  anhydride ; 
(4)  from  ethylidene  chloride ;  (5)  from  acetal  and  ethidene  diacetate; 
(6)  from  lactic  acid,  and  (7)  from  sodium  nitroethane.  It  occurs  in 
the  first  runnings  in  the  rectification  of  spirit,  and  is  made,  too,  in  the 
oxidation  of  alcohol  in  running  over  wood  charcoal  (p.  123). 

History . — In  1774  Scheele  noticed  that  aldehyde  was  formed  when  alcohol  was 
oxidized  with  manganese  dioxide  and  sulphuric  acid.  Dobereiner,  however,  was 
the  first  person  to  isolate  the  aldehyde  in  the  form  of  aldehyde-ammonia,  which  he 
^ave  for  investigation  to  Liebig,  who  then  established  the  composition  of  aldehyde 
and  showed  its  relation  to  alcohol.  It  was  Liebig  who  introduced  the  name 
-4/(cohol) -atA7</(e)(rogenatus)  into  chemical  science  (A.  14,  133;  22,  273;  25, 
17).  Ordinary  aldehyde  readily  polymerizes  to  liquid  paraldehyde,  and  solid  metal - 
dehyde .  Fehling  first  observed  the  former,  and  Liebig  the  latter.  Kekule  and 
Zincke  determined  the  conditions  of  formation  for  the  aldehyde  modifications  and 
cleared  up  the  somewhat  confused  reaction  relations  (A.  162,  125). 

Preparation. — Pour  12  parts  H20  over  3  parts  K2Cr207  (B.  27,  R.  471),  and  then 
gradually  add,  taking  care  to  have  the  solution  cooled,  a  mixture  of  4  parts  con¬ 
centrated  H2S04  and  3  parts  alcohol  (90  per  cent.).  The  escaping  aldehyde  vapors 
are  conducted  into  ether,  and  this  solution  saturated  with  dry  NH3,  when  the 
aldehyde-ammonia  will  separate  in  a  crystalline  form.  Pure  aldehyde  may  be 
obtained  from  this  by  distilling  it  together  with  dilute  sulphuric  acid.  1  he  aldehyde 
vapors  are  freed  from  moisture  by  conducting  them  over  dehydrated  calcium  chloride. 

Acetaldehyde  is  a  mobile,  peculiar-smelling  liquid.  It  boils  at  20.8°, 
and  has  a  sp.  gr.  of  0.8009  at  o°.  It  is  miscible  in  all  proportions 
with  water,  ether  and  alcohol.  It  is  prepared  technically  in  order  to 
obtain  paraldehyde  and  quinaldine  (see  this). 

Polymeric  Aldehydes. — Small  quantities  of  acids  (HC1,  S02)  or  salts  (espe¬ 
cially  ZnCl2,  CH3C02Na)  convert  aldehyde  at  ordinary  temperatures  into  paralde¬ 
hyde,  (C2H40)3 ;  the  change  (accomplished  by  evolution  of  heat  and  contraction) 
is  particularly  rapid,  if  a  few  drops  of  sulphuric  acid  be  added  to  the  aldehyde. 
Paraldehyde  is  a  colorless  liquid  boiling  at  1240,  and  of  sp.  gr.  0.9943  at  20°.  It 
dissolves  in  about  12  vols.  H20,  and  is,  indeed,  more  soluble  in  the  cold  than  in  the 
warm  liquid.  This  behavior  would  point  to  the  formation  of  a  hydrate.  The  vapor 
density  agrees  with  the  formula  C6H1203.  Paraldehyde  is  applied  in  medicine  as 
a  sleep-producer.  When  distilled  with  sulphuric  acid  ordinary  aldehyde  is  generated. 

Metaldehyde,  (C2H40)n,  is  produced  by  the  same  reagents  (see  above)  acting  on 
ordinary  aldehyde  at  temperatures  belcnoo0.  It  is  a  white  crystalline  body,  jnsol liable 
in  water,  but  readily  dissolved  by  hot  alcohol  and  ether.  If  heated  to  II2°-H5  it 
sublimes  without  previously  melting,  and  passes  into  ordinary  aldehyde  with  only 
slight  decomposition.  When  heated  in  a  sealed  tube  the  change  is  complete.  Ex¬ 
posed  for  several  days  to  a  temperature  varying  from  6o°-65°,  metaldehyde  passes 
into  aldehyde  and  paraldehyde  (B.  26,  R.  775)* 

The  vapor  density  and  the  lowering  of  the  freezing  point,  in  a 
phenol  solution,  indicate  that  the  two  aldehyde  modifications  possess 
the  formula  (C2H40)3  (B.  27,  R.  306).  Chemical  behavior,  refractive 
power  (p.  65),  and  specific  volume  favor  the  single  linkage  of  ox\gen 
and  carbon  ;  that,  therefore,  the  three  oxygen  atoms  unite  the  three 
ethylidene  groups  to  a  ring  of  six  members: 

CHj .  (B.  24,  650;  25,  3316;  26,  R.  185). 
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They  may  be  considered  cyclic  ethers  of  ethidene  glycol,  whose 
anhydride  is  acetaldehyde.  Paraldehyde  and  metaldehyde  appear  to 
be  structurally  identical.  Compare  the  polymeric  thialdchydes  ( p.  202) 
for  the  possibility  of  explaining  their  differences  by  stereochemical 
relations. 


Behavior  of  Acetaldehyde  (. Paraldehyde  and  Me/aldehyde).  (1)  In  the  air  acetal¬ 
dehyde  slowly  oxidizes  to  acetic  acid.  It  throws  out  a  silver  mirror  from  an  ammo- 
niacal  silver  nitrate  solution.  Paraldehyde  and  metaldehyde  do  not  reduce  silver 
solutions.  (2)  Alkalies  convert  acetaldehyde  into  aldehyde  resin.  (3)  It  is  changed 
to  ethyl  alcohol  by  nascent  hydrogen.  (4)  Aldehyde  unites  with  alcohol  to  form 
acetal  (p.  200).  (5)  Hydrogen  sulphide  converts  it  into  thioaldehyde  (p.  202),  and 

with  mercaptans  it  forms  mercaptals  (p.  202).  (6)  Acetic  anhydride  changes  it  to 

ethidene  diacetate  (p.  202).  (7)  On  shaking  aldehyde  with  a  very  concentrated  solu¬ 

tion  of  an  alkaline  bisulphite  crystalline  compounds  separate,  e.  g.,  potassium  oxyethi- 
dene  sulphonate,  CH, .  CH(OH  )S03K,  which  are  resolved  into  their  components 
when  treated  with  acids  (p.  204)  : 

CHS .  CHO  +  SOjHK  =  CHS  .  CH<£°3K 
CH3 .  CH<|°3K  +  HC1  =  CH3 .  CHO  +  S02  +  H20  +  KC1. 

Paraldehyde  and  metaldehyde  do  not  unite  with  the  bisulphites  of  the  alkalies. 
(8)  Acetaldehyde  reacts  with  ammonia,  hydroxylamine,  and  phenylhydrazine,  while 
paraldehyde  and  metaldehyde  fail  to  do  so.  (9)  Phosphorus  pentachloride  converts 
acetaldehyde,  paraldehyde  and  metaldehyde  into  ethidene  chloride  (p.  201). 

hor  the  condensation  of  aldehyde  to  aldol ,  crototialdehyde  and  other  compounds 
see  p.  193. 

Aldehyde  combines  with  hydrocyanic  acid,  the  product  being  the  nitrile  of  the 
lactic  acid  of  fermentation,  which  may  be  synthesized  in  this  manner. 

The  homologues  of  formic  and  acetaldehydes  are  prepared  either  (1)  by  the 
oxidation  of  the  corresponding  primary  alcohols,  or  (2)  by  the  distillation  of  the 
calcium  or  barium  salts  of  the  corresponding  fatty  acids,  mixed  with  calcium  or 
barium  formate  : 


Name. 


Propyl  Aldehyde  [Propanal], 
n-Butyraldehyde  [Butanal],  *  .  [ 
Isobutyraldehyde  [Methyl  Propanal], 
n- Valeraldehyde  [Pentanal],  .... 
Isovaleraldehyde  [2-Methylbutanal  (4)" 
Methyl-ethyl  Acetaldehyde, 

Trimethyl  Acetaldehyde  (B.  24,  R.  SqS) 

n-Capric  Aldehyde, . ' 

Methyl-n-propyl  Acetaldehyde,  j  1  ] 
Isobutyl  Acetaldehyde, 

CEnanthyl  Aldehyde,  ffinanthol,‘ 

f aPr-C  C'0H20O . 

Laurie  Aldehyde,  C12H240,  .  .  . 
Myristic  Aldehyde,  C14H,rO,  .  . 
Palmitic  Aldehyde,  CI6II,20,  .  .  ' 

Stearic  Aldehyde,  ClgH,40,  , 


Formula. 


(CHS) 


CH, .  ch2  . 

(^h2)2 


CHO 

CHO 


(CH3)2CH.CHO 

(CHs)(CH2)sCHO 

c4ii9cho 

c4h,cho 

(CHj).C  .  CHO 
CH3 .  [CH2]4CHO 

c5h„cho 

C5H„CHO 
CH3[CR2]5CHO 
CH.t[CH2]gCHO 


CH 

CH” 

CIL 

CHl 


CH2 

ch; 

ch2 

CIL 


2J10 

12' 


,(  IIO 
CIIO 
,CHO 
CHO 


16 


Boiling 

Point. 


44-5° 

52-5° 

58-5° 

63-5° 


M.  P. 


49° 

75° 

6i° 

103° 

920 

9«: 

74° 

128° 

1160 

121° 

155° 

(1060) 

(142°) 

(1680) 

(192°) 

(212°) 
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The  enclosed  boiling  points  were  determined  under  diminished  pressure.  In  the 
case  of  capric  aldehyde  the  pressure  was  15  mm. ;  with  all  the  rest  it  was  22  mm. 

Propyl  aldehyde,  by  the  action  of  hydrochloric  acid,  y  ields  both  parapropyl  alde¬ 
hyde,  boiling  at  169°,  and  metapropyl  aldehyde,  melting  at  1800.  'I  hey  have  the 

molecular  formula  (C3II60)3  (B.  28,  R.  469). 

CEnanthylic  Aldehyde,  CEnanthol  (oivof,  wine),  is  very  readily  prepared-  It  is 
formed  together  with  undecylenic  acid  when  the  acid  of  castor  oil  is  distilled  under 
diminished  pressure : 


C18HS4Oa 

Ricinoleic 
Acid 


=  CJOHj0 .  CO,H  +  CIIj  .  [CH,]6CHO 


Undecylenic 
Acid 


CEnanthol. 


1.  HALOGEN  SUBSTITUTION  PRODUCTS  OF  THE  LIMIT  ALDEHYDES. 

Chloral,  Trichloracetaldehyde,  is  the  most  important  halogen 
substitution  product  of  aldehyde.  For  this  reason  it  will  receive  first 

1  Trichioracetaldehyde ,  Chloral,  CCl3-CHO,  was  discovered  in 
1832  by  Liebig  while  engaged  in  studying  the  action  of  chlorine 
upon  alcohol  (A.  1,  182). 

Fritsch  considers  .that  chlorine  acts  upon  alcohol  to  product  at ^  fir.  t 

alcohol  or  aldehyde  chlorhydrin  (I).  Alcohol  and  hy  roc  or  chlorinated  too 
11, rough  the  aldehyde  alcoholic.  Into  acetal.  Otmously  acetal  ■»  '‘■lorin^ted  too 

easily  to  mono-  and  dichloracetal  (II  and  III).  These  two  ’  1  y)  Water 

fluence  of  hydrochloric  acid,  pass  into  dichlor-  and  trichlor-e  ier  converted  by 

changes  the  latter  to  dichloracetaldehyde  alcoholate  (v  )*  latter  into  alcohol 

chlorine  into  chloral  alcoholate.  Sulphuric  acid  decomposes  .  ,  tvl  alcohol, 

and  chloral  (vill)  (A.  279,  288  ;  compare  also  the  chlorination  of  isobutyl  alcohol, 

B.  27,  R.  507). 

CHj.CHjOH  - — - CH3.CH<qH 


-> 


(CH,CH<g£fH‘) 


. . .  II  IV 

(CH,.CH<°  C,HS)  Ck^  cH,a.CH<g  §S;  — >  CH,C1.CH<° 

2  5 


o .  c,h6 


o 


III 


CHCVCH<g;^eS>CHCl,CH<S 


OCjIIj 


VI  VII  VIH 

CHO,.CH<g§H»  CCI,.CH<g5H>  — >  CC1..CHO 

Chloral  hydrate, diehloraeetic  ester,  trichlor-ethyl  attohol  (B‘ j  5 Vph  vate^com- 
monochlor hydrin  are  by-products  in  the  manufacture  of  chloral,  (in 
munication  from  Anschutz  and  Stiepel.) 
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Chloral  is  an  oily,  pungent-smelling  liquid,  which  boils  at  970  and 
has  the  sp.  gr.  1.5 41  at  o°.  When  kept  for  some  time  it  passes  into  a 
solid  polymeride. 

Chloral  shows  greater  tendency  than  acetaldehyde  to  sever  its  double  linkage, 
between  carbon  and  oxygen,  and  to  enter  addition- reactions.  Like  acetaldehyde  it 
not  only  combines  with  acetic  anhydride,  the  alkaline  bisulphites,  ammonia  and 
hydrocyanic  acid,  but  also  with  water,  alcohol,  hydroxylamine,  formamide— four 
substances  with  which  acetaldehyde  is  incapable  of  uniting. 

The  following  reactions  of  chloral  should  also  be  observed  :  (i)  The  alkalies  break 
it  down  into  chloroform  and  alkali  formates  ;  (2)  fuming  sulphuric  acid  condenses  it 
to  chloralidc  (see  this),  trichlorlactic-trichlorethidene  ether  ester;  (3)  potassium 
cyanide  changes  it  to  dichloracetic  ethyl  ester  (see  this) : 

(1)  CCI3CHO  +  KOH  =  HC .  Cl3  +  H  C02K 

c°°  >CH  cclj 

(2)  3CCI3 .  CHO  (SO3  +  SQ4H2)  ^  HCClj  _j_  CCI3CHO 


O  H 

Chloral  Hydrate,  Trichlorethidene  Glycol ,  CC13.CH<q^»  results 

from  the  union  of  chloral  with  water.  It  is  technically  prepared  on 
a  very  large  scale.  It  consists  of  large  monoclinic  prisms,  fusing  at 
=  7°  and  distilling  at  96-98°.  The  vapors  dissociate  into  chloral  and 
water.  Chloral  hydrate  dissolves  readily  in  water,  possesses  a  peculiar 
odor  and  a  sharp,  biting  taste;  when  taken  internally  it  produces 
sleep,  which  fact  was  discovered  in  1869  by  Liebreich  (B.  2,  2  9> 
It  occurs  in  urine  as  urochloralic  acid  (see  this).  Concentra  e 
sulphuric  acid  resolves  the  hydrate  into  water  and  chloral,  .  !:e  .u?i 
ammoniacal  silver  solutions  and  when  oxidized  with  nitric  acic  )ie 
trichloracetic  acid. 


In  chloral  hydrate  we  encounter  the  first  example  of  a  body  which,  contralto 
the  rule,  contains  two  hydroxyl  groups  attached  to  the  same  carbon  aton  , 
having  the  immediate  spontaneous  exit  of  water.  0 

Chloral  Alcoholate ,  CC13 .  CH<q^1\  melting  at  65°  and  boiling  at  n4'n5^’ 

is  the  chief  product  in  the  action  of  chlorine  upon  alcohol  (p.  *97)-  1  Vbrou°ht  in 

duced  when  chloral  and  chloral  hydrate  are  treated  with  alcohol.  V>  ne  a 
contact  with  water  it  gradually  reverts  to  chloral  hydrate  (B.  28,  R.  IOI3b 

Chloral  Ethyl  Acetate,  CC13 .  CH<°  boiling  at  19S0,  is  obtaine 

the  action  of  acetyl  chloride  on  the  alcoholate.  Jdehvde ,boil- 

Other  Halogen  Substitution  Products  of  Acetaldehyde. — Dichloraceta  \.  CioraCetaL 
ing  at  88-90°,  results  from  the  action  of  concentrated  H2S04  upon  <  ‘  nielts  at 
CHClj .  CH(OC2II5)2.  Dichloracetaldeh yde  Hydrate ,  CHC12 .  CH(U  when 

57°  and  boils  at  120°.  Monochloracetaldehyde  boils  at  85°.  B  ,s .  iymer'zeS 
monochloracetnl  (p.  200)  is  distilled  with  anhydrous  oxalic  acid.  1 

very  readily  (B.  15,  2245).  .  chloral-  ll 

Tribromaldehyde,  Bromal,  CBrs .  CHO,  is  perfectly  analogous  cHBrs’ 

boils  at  1 72-1 73°.  Heated  with  alkalies  bromal  breaks  up  into  broinc* 
and  a  formate.  The  alcoholate  melts  at  44°  and  decomposes  at  100  .  0 

Bromal  Hydrate,  Tribromethidene  Glycol,  CBr3CH(OHl2,  me  ^  • 

Bromal  Alcoholate,  CBrsCH(0H)(0  .  C2II5),  melts  at  44°-  boijs  at  1420, 

Dibromacetaldehyde,  obtained  by  the  bromination  of  paraldeliyue, 
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Bromacetaldehyde  boils  between  8o°  and  105°,  and  is  produced,  like  mono- 
rhloracetaldehyde,  from  monobromacetal. 

Iodo-acetaldehyde,  CHJ.CIIO,  U  made  by  actmg  on  aldehyde  W.U,  lodme 
or  iodic  acid.  It  is  an  oily  liquid,  which  decomposes  at  80  (B.  22,  R.  5  >1). 

The  relations  of  the  three  chlor-  (or  brom-)  acetaldehydes  to  the 
oxygen  derivatives,  whose  chlorides  they  may  be  considered,  are 
manifest  in  the  following  arrangement  (p.  193)  * 


C1LC1 .  CHO,  Chloracetaldehyde 
C1ICL .  CI10,  Dichloracetaldehyde 
CC13 .  CHO,  Trichloracetaldehyde 


CII»(OH) .  CHO,  Glycolylaldehyde 
CHO .  CHO,  Glyoxal 
COjH  .  CHO,  Glyoxylic  acid. 


Higher  Chlorine  Substitution  Products  of  the  Aldehydes  :  _ 

0-Chlorpropionic  Aldehyde,  CH,C1 .  CH, .  CHO,  from  acrolcm,  CII,  -  CH . 

CIIO,  and  hydrochloric  acid,  melts  at  35°-  ,s  productd  fr()m  crotonalde- 

hyde^Cll'hcH^CH .  CHO,  by  the  addition  of  HC1,  and  fuses  at  96°.  Nitric  acid 

°Xu^THchlttl°yra7dlh“dt  CH, .  CHC1 .  CCI, ,  CHO,  MylMaral,  boils  at 
163-165°  (compare  acetamide).  CH(OII),,  melts  at  78°,  and  is 

formed^rom^i-chlorcrotonaklehydl  andci^  Alk^ies^ecompose^t  mto^^'iwfr^n^ 

(see  this),  and  is  converted, 

by  nitric  acid,  into  tnchlorbutyric  acid.  ,  ,  unSaturated  aldehydes, 

The  relations  of  these  three  chlorinated  Sq  o  Cl  and  U,  the  acids  which 

from  which  they  are  formed  by  the  addition  of  HC1  or  Cl2,  ana 
they  yield  on  oxidation,  are  shown  in  the  following  table  . 


CM.,  =  CII. CHO 


NOsH  .  f. 


Acrolein 

CH8.CH  =  CH.CHO 

Crotonaldehyde 

CIIj.CH  =  CC1.CHO 

o-Chlorcrotonaldehyde 


Cl2 


^  JL  X  2  ^  £t  — 

/3-Chlorpropionic  Aldehyde 

>  ch3.chci.ch2cho 

/5-Chlorbutyraldehyde 

ch3.chci.cci2.cho 

Butylchloral 


^  ch2ci.ch2.co2h 

0-Chlor propionic  Acid 

C Hs.  CHCl.  CH,.  COaH 

|3-Chlorbutyric  Acid 

CHg.CHCl.CClj  CO«H 
Trichlorbutyric  Acid. 


,  ETHERS  AND  ESTERS  OF  METHYLENE  AND  ETHIDENE  OLVCOLS^ 

In  the  introduction  to  the  aldehydes  ^ *  hydrate^^' ^glycols,  only 
could  be  regarded  as  anhydrides  (see  c  y  the’two  hydroxyl  groups  were 

capable  of  existing  in  exceptional  cases.  In  ^  of  these  hypo- 

linked  to  the  same  terminal  carbon  atom,  btabie 

thetical  glycols  are,  however,  known.  designated  orthoaldehydes,  because 

These  hypothetical  glycols  might  also be  de  g  t  thetical  ortbocarbomc 

they  bear  the  same  relation  to  the  aldehydes  that  yi 

acids  sustain  to  the  carboxylic  acids :  — 


ch><§h 


cii2o 

Orthoformaldehyde  Formaldehyde 


/OH 
CH^-OII 
xOH 

Orthoformic  Acid 


.OH 

c<o 

Formic  Acid. 


urmotormaiaenyae  puiuniu*-;--  ,  . 

Basic  and  neutral  mono-  and  dialkyl-ethers  maybe  obtained  from  a  dihydnc 
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alcohol.  The  only  mono-ether  to  be  noticed  in  this  connection  is  chloral  l 
which  was  mentioned  under  chloral  hydrate :  a  coflo^tei 


CClsCH<°fj  CClsCH<g%H6 

Chloral  Hydrate  Chloral  Alcoholate 


cc,’ch<8c$- 

Trichloracetal. 


Alcohols  not  highly  substituted  by  halogens  are  as  little  able  to  combine  with 
molecule  of  alcohol  as  with  water.  The  dialkyl  ethers  are  named  acetals ,  from  their 
best-known  representative.  They  are  isomeric  with  the  ethers  of  the  correspondin'1 
true  glycols ,  whose  OH-groups  are  attached  to  different  carbon  atoms:  ^ 


.0 .  C2H« 

CH, .  CH( 

X0 .  C2H, 

Acetal 


ch2  .  o .  c2h5 
ch2  .  o .  c2h5 

Glycol  Diethyl  Ether. 


The  polymeric  aldehyde  modifications,  described  under  the  aldehydes,  should  also 
be  viewed  as  ether-like  derivatives  of  the  glycols,  the  anhydrides  of  which  are  the 
aldehydes. 

A.  Acetals  are  produced  (i)  when  alcohols  are  oxidized  with  Mn02  and  H2S04. 
The  aldehyde  formed  at  first  unites  with  alcohol  with  the  simultaneous  separation  of 
water : 

3CH3 . CH2OH  - - - CH3CH(O.C2H5)2  +  2H20. 


(2)  When  aldehydes  are  heated  with  the  alcohols  alone  to  ioo0;  and  from  tri- 
oxymethylene  and  alcohols  on  the  addition  of  ferric  chloride  (1-4  per  cent.)  (B.  27, 
R.  506). 

(3)  By  the  action  of  gaseous  HC1  upon  a  mixture  of  alcohol  and  aldehyde,  chlor- 
hydrin  (see  ethylene  glycol)  being  the  first  product : 


CH3CHO+C2H5OH  ^4-CH3CH<^iC2H5  --2-5°— CH3.CH<q^5+HC1 


2ax5 


(4)  By  the  action  of  alcoholates  upon  the  corresponding  chlorides,  bromides  and 
iodides. 

On  heating  the  acetals  with  alcohols,  the  higher  alkyls  are  replaced  by  the  lower 
(A.  225,  265).  When  the  acetals  are  digested  with  aqueous  hydrogen  chloride  they 
are  resolved  into  their  constituents.  They  dissolve  readily  in  alcohol  and  in  ether,  bu 
with  difficulty  in  water.  . 

Methylal,  Methylene-dimethyl  Ether,  Formal,  CH2(OCH3)2,  boils  at  420  an 
has  the  sp.  gr.  0.855.  It  is  an  excellent  solvent  for  many  carbon  compounds. 
Methylene-dimethyl  Ether,  CH2(OC2H5)2,  boils  at  89°.  For  the  higher  methylou 
see  B.  20,  R.  553 ;  27,  R.  507.  ,  0 

Ethidene-dimethyl  Ether,  Dimethyl  Acetal,  CH3CH(OCH3)2,  bods  at  °4  • 
Acetal ,  ethidene-diethyl  ether ,  CH3CH(OC2H5)2,  boils  at  104°.  Its  sp.  gr.  's  °-  3 
at  20°.  It  is  produced  in  the  process  of  brandy  distillation.  It  is  ^u!^jS  and 
towards  the  alkalies,  while  dilute  acids  readily  break  it  down  into  aldehyde 
alcohol  (B.  16,  512). 

Chlorine  acting  upon  acetal  produces —  ,  >.  jt 

(1)  Monochloracetal,  CH2C1 .  CH(0  .  C2H5)2,  boiling  at  1570  (B.  24, *bI''  hyi. 
also  results  from  Dichlor-ether,  CH..C1 .  CHC1 .  OC,H5,  and  alcohol  or  sodium 

ate  (B.  21,  617). 

(2)  Dichloracetal,  CHC12 .  CH(0 .  C,H6)2,  boiling  at  183-184°- 

Alcohol  and  chlorine  yield — 

Trichloracetal,  CC13  .  CH(OC2H5)2,  boiling  at  1970.  cetal, 

Monobromacetal,  CH2BrCH(OC2H5)2,  boiling  at  170°,  is  produced  from  , 
bromine  and  CaC03  (B.  25,  2551).  Sulphuric  acid  decomposes  the  ci 
acetals  into  alcohol  and  chlorinated  aldehydes  (p.  198). 


u\i\kVt*M  M.umvum  a hi>  a u/kiiyuk  HM/w/imm. 


20  i 


B,  DflutofM  AlMydif  m4  A14ibyd«  Halobyditoo,  tfaofcr  Alkyl  K»n*re 
and  Anhydride*, 

fn  devr.bing  the  dibatogen  r/Utinjtion  \n od*u,i%  r/f  the  fwuffrn*  it  wa»  indicated 
that  compound*  to  tbtoi  two  yogto  atoM  occur  joined  to  the  mhbc  timiml 
carW<  atom  >s*f  »n  intimate  genetic  relation  to  the  aldehyde#,  and  are  therefore 
/died  aldehyde  dihafotd*. 

If  |J#e*e  o/iity/wA*  Sr*"  r-fr-n-A  to  tip-  jdrcol#  containing  t»o  hydro/y)  group* 
*ii*/  U"S  to  tip-  vaup  tt  iu.,uA  cart/on  M'/ftt,  -t  s.fti>‘-  b yyAheti*  A  ortho  aldehyde#, — 
'  -'•<  able  u-f>  frtrffflff  M  Am  ••'  -O-:.  haloid  '  /  of  ’•/'  •<  ;'•/"'••  !'/<•»•//*  «'fi 

dll  nffbo'aldebyde*  and  tint  aldehyde  ha UA4*  ft and  the  monohalofd  eater*,  tiu r 
flUAfdf  baJobyditoi,  fcomerlc  with  the  awnobaMd  c#ter*  of  the  true  glycol#, — the 
glyoof  balohydrfn*,— » but  only  k no vrn  In  form  of  their  alkyl  ether*,  the  a  mono - 
haloid#,  ordinary  ether*  and  their  anhydride*,  the  *yrnrnetri(.al  a'di#ub*tituted, 
ordinary  ether* ; 


Cii9^(fU* 

0xn/^ 
u  cn,a 

( (f  /XI 

u,i  CJ 

/>w 

VH'  ) 

\  O  H 

.Off 

fOff^  ) 

1  a  ' 

/OC,Ht 

<:\v 

< m<  \  at, 
<y 

ci  ia, 

va 

V;iia.  ch, 

CH, 

f;if. 

aif 

Cl  I, 

iitr  ft*; tie  relation*  of  the  aldehyde  haloid*  Ur  the  aldehyde*  con»l*f  to  the 
iotWAUo fi  of  aldehyde  chloride*  from  the  aldehyde*  by  wean*  of  l'Clfr,  and  the 
♦he  aldehyde  chloride*  when  heated  to  ♦'//'  with  water, 
r  Aldehyde  /.rihaloid*,-  1  he  toiling  j/oint*,  melting  (Print*,  and  *je-'  ifi/  gravin'-, 
//f  v/rne  //f  the  timple  ablebyde  dihaloid*  are  given  In  the  appended  table.  I  he 
in'i'/sed  number#  after  tlie  b oiling  point*  indicate  dlmioiahed  |rre**urcj 


ffame. 

Formula. 

M,  Fe 

B-  F. 

tto'  Cr* 

Methylene  Ohh/ri/le,  ,  , 

Cl  1,01, 

a— > 

♦i* 

1.37  f  <*) 

Methylene  l/O/mhle,  ,  , 

Cif,Br« 

— 

t)Hr* 

2.54  (  <0; 

M/dhylene  f/elhle,  ,  ,  , 

CIIJ, 

-<  4^! 

ifpisyr) 

3,28  (I59) 

I'.ihi/b  ne  aiJoride,  ,  ,  . 

CIUHCI, 

— 

5**  j 

1. 17  l*o®l 

Kthhlenf  I'/nenhle,  .  .  . 

C'lf/1 1  Hr, 

— 

11//* 

2,02  f2r/') 

Kthhlene  b/lide,  ,  .  .  , 

C/JjCJflj 

I27"(t7t) 

2,84  (  </") 

fV/j/idene  ChUtfUUtf  .  , 

OH,.  011,01101, 

86® 

1. 16  (I4*) 

Methylene  Chloride  I*  formed  from  Oil, Cl  and  Cl,  and  by  the  reduction  of 

chl//retorm  by  mean*  of  etoc  to  alcohol*  ..  .  .  .  #  ^  ,  « 

Methylene  HromUle  re*nlt*  on  heating  OH, Hr  with  irronum-  to  IW  ,  an/1  by 
tin  nr-xum  (rf  trtoayrnetbytene  upon  aluminium  bromide. 

Methylene  Iodide  i*  prwlii'ed  when  b>doform  i*  reduced  with  Ml.  or  '"-tter, 
land  wel.uu.  hy/lro/id/  'C^r,  lliw.han./  t-rw<\  by  a  high 
*P"  d>/  urnvityi  <  blortoe  and  bromine  change  It  to  methylene  chloride  and  broniide 

''  •""•'*  '  ' 

a'tio  no!  t’<  L/*,  tf,,rn  vinyl  1/r/enlde  by  menu*  of  hydroffen  bromide,  »wi  ( J)  t/y 
treating  rv/j/j^r  a/etyltd«  with  concentrated  hydrorhlorlc  «'»d  (A,  178,  lit)  (<om j-«/« 
ethylena,  o, /y>i,  .  (1  .  ,  - 

Kthldena  Mrondde  I*  obtained  by  the  action  of  l,l'<r4  u(prii  ah'  'y'  r  ' 

fcthidant  Iodide  tooldatoed  from  ;*/  etylan*  awl bydf^nn  lotJhle  Hi,  trM,  tot/\), 
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2  Alkyl  Ethers  of  the  Aldehyd  Halohydrins,  a-Monohaloid  Ethers  - 
These  result  from  the  action  of  alcohols  and  haloid  acids  upon  the  aldehydes. 
Alcohols  or  alcoholates  readily  convert  them  into  acetals.  Monochlormethyl  Ether \ 


CH  .  :  °  •  C2H5(  boils  at  6o°  ;  D.  =  1.1508.  Monobrommethyl  Ether  boils  at 

87°;  sp.  gr.,  1. 531  (12. 50).  Mono-iodomethyl  Ether  boils  at  124°;  sp.  gr.,  2.0249 

(15. 90)  (B.  26,  R.  933).  Monochlormethyl  ethyl  Ether,  CH2<q  2  5,  boils  at  8o° ; 

D  V5  =  1  023  Consult  B.  27,  R.  670,  for  higher  monochlormethyl  alkyl  ethers. 

a-Monochlorethyl  Ether,  Cll3 .  CHC1 .  O  .  CH2  .  CH3,  boiling  at  98°,  and  isomeric 
with  ethylene  chlorhydrinethyl  ether,  C1CH2 .  CH2  .  O  .  C2H5,  is  produced  by  the 
chlorination  of  ether,  and  by  saturating  a  mixture  of  aldehyde  and  alcohol  with 
hydrochloric  acid,  into  which  substances  it  is  again  resolved  by  water.  Mono- 

brotnethyl  Ether  boils  at  105°  (B.  18,  K.  3fi2)- 

3.  Sym.  a- Dihalogen  Alkyl  Ethers,  Ethers  of  the  Aldehyde  Halohydrins. 

_ Xhe  symmetrical  dihalogen  methyl  ethers  result  from  the  action  of  the  haloid  acids 

upon  trioxymethylene.  s - Dichlormethyl  Ether  (CH2C1)20,  boils  at  105°.  and  has  the 
sp  gr.  1315.  Dibrommethyl  Ether  boils  at  150°.  s-Di-iodomethyl  Ether  boils 

C  Carboxylic  Esters  of  Methylene  and  Ethidene  Glycols  are  formed  (1) 
from  aldehydes  and  acid  anhydrides;  (2)  from  aldehydes  and  acid  chlorides; 
(3)  from  the  corresponding  chlorides,  bromides  and  iodides  by  the  action  of  silver 
salts.  When  boiled  with  water  these  esters  break  down  into  aldehydes  and  acids: 


1.  CH3 .  CHO  +  (CH3C0)20  =  CH3CH(0C0CH3)2 

2.  CH3CHO  +  CH3 .  C0C1  =  CH3CH<q  oc  3 

3.  CH2I2  +  2CH3 .  C02Ag  =  CH2(OCOCH3)2  +  2AgI. 


Methylene  Diacetic  Ester,  CH2(OCOCH3)2,  boils  at  170°.  >  Ethidene 
Diacetate,  CH3CH(0  .  COCH3)2,  boils  at  169°.  Ethidene  Chlorhydnn  Acetate, 

acetic  monochlorethyl  ester,  CH3.CH<^^-.j  '  '  3,  boiling  at  121.5  >  senes 

starting-out  material  in  the  preparation  of  ether  esters  and  mixed  esters.  Ethidene 

Chlorhydrin  Propionate,  CH3CH<° '  CO  *  C*l\  boils  at  1 34-136°.  By  treating 

the  first  chlorhydrin  with  silver  propionate  there  results  the  same  Ethidene  Ace. 

propionate,  CH3.  CH  -  <q  ‘  CO  '  CH*’  boiling  at  l7S-6°’  as  is  obtained  fr°m  thC 
second  by  the  action  of  silver  acetate.  These  facts  argue  for  the  equivalence  of 
carbon  valences  (Geutlier,  A.  225,  267). 


3.  SULPHUR  DERIVATIVES  OF  THE  LIMIT  ALDEHYDES. 

In  this  class  are  (A)  the  thioaldehydes,  their  polymeric  modifications  and 
sulphones ;  (B)  the  mercaptals  or  thioacetals ,  with  their  sulphones,  an  1 
oxysulphonic  and  disulphonic  acids  of  the  aldehydes.  __Tbe 

A.  Thioaldehydes,  Polymeric  Thioaldehydes  and  their  Sulph°n  ^  fflore 
simple  thioaldehydes  are  not  well  known.  The  polymeric  thioaldehydes  ierjc 
accessible.  All  of  them  can  be  regarded  as  the  alkyl  derivatives  o  p  -  ^j,ey 
trithioformaldehyde,  the  trithioraethylene,  discovered  by  A.  W.  I  s  adds 

are  formed  when  the  aldehydes  are  acted  upon  with  H2S  and  1 1  Cl.  *  wbicb 

itself  to  the  C  =  O-group  of  the  aldehydes,  and  oxysulphhydrides  resu  t, 
the  trithioaldehydes  arise : 


HoS  ^  /-.T T  ^SH 
- >  CH*<0H 


.  pit  ^s.ch2sh 
lii2<s>ch  oii 


S— CHj^S. 
CH2<g _ CHj 


CH20 


SULPHUR  DERIVATIVES  OF  THE  LIMIT  ALDEHYDES. 
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The  trithioaldehydes  are  odorless  solids,  whereas  the  simple  thioaldehydes  and 
their  mercaptan -like  transposition  products  possess  an  adherent,  disagreeable  odor. 
Potassium  permanganate  oxidizes  the  trithioaldehydes  first  to  sulphide-sulphones  and 
then  to  trisulphones.  The  molecular  weight  of  the  trithioaldehydes  has  been  deter¬ 
mined  both  by  vapor  density  and  by  the  lowering  of  the  freezing  point  of  their 
naphthalene  solution.  Klinger  first  proposed  the  structure  for  the  trithioaldehydes. 
It  corresponds  to  the  formula  of  paraldehyde  and  was  proved  correct  by  the  oxida¬ 
tion  of  the  trithioaldehydes  to  trisulphones. 

The  isomeric  phenomena  of  the  trithioaldehydes  led  Baumann  and  Fromm  to 

consider  their  spacial  relations  (B.  24,  1426).  .  . 

Proceeding  from  the  same  considerations,  which  served  Baeyer  in  his  explanation 
of  the  isomerism  of  the  hexamethylene  derivatives  (see  hexahydrophthalic  acids) , 
these  chemists  distinguished  a-,  cis-  or  malelnoid  and  /?-,  trans-  or  fumaroid  modi¬ 
fications.  Camps  endeavors  to  represent  the  spacial  difference  between  two  tnthio- 
aldehydes  in  the  following  way  : 


a,  Cis-form.  0.  Trans-form. 


The  C-atoms  are  assumed  to  be  in  the  angles  of  the  triangles,  and  the  S-atoms  are 
in  the  middle  of  the  sides.  The  three  alkyl  groups  are  either  upon  the  same  side  of 
the  six-membered  ring  system:  a,  m-form  ;  or  upon  different  sides  of  it  !  &  *  «**■ 
modification.  Only  one  disulphone-sulphide  corresponds  to  the  ^modification, 
while  (wo  stereo-isomeric  disulphone-sulphides  take  the  trans-  onn  (see  1  g  , 

Trithiofomialdehyde,  [CH,S]„  melts  at  216”.  Thioacetaldehyde  is  not 
known  in  a  pure  state.  a-Trithioacetaldehyde  melts  at  ioi  _  and  boils  *2467247  - 
Acetyl  chloride  converts  it  into  /3-trithioacetaldehyde,  [CH3CIIS]3,  melting 

1 25-1 26°,  and  boiling  at  245-248°  (B.  24,  1457)-  ..  ,  .1  :j_ 

Sulphones  of  the  Trithioaldehydes. —The  trisulphones,  resulting  from  the  oxida 
tion  of  the  trithioaldehydes,  are  all  to  be  viewed  as  alkylized  derivatives  of  in- 
methylene  trisulphone.  The  six  methylene  hydrogen  atoms  of  trimethylene  tr 
sul phone  are  acid  like  those  of  the  methylenes  in  malontc  ester  (see  this).  I  hey  c 

be  replaced  by  metals,  and  hexa-alkylized  trimethylene  sulphones  can  be  synth  t 

ically  prepared  by  the  double  decomposition  of  the  alkali  derivatives  v ■  h  y 
iodides.  These  are  identical  with  the  oxidation  products  of  the  c°rr^P°‘ JF 
thioketones.  The  primary  product  in  the  oxidation  of  a  trit  110a  ei>c 
sulphone,  the  secondary  a  disulphone,  and  finally  a  trisulphone  is  pto  uce 

cn  rH  -  •  Trimethylene 


Trimethylene  Trisulphone, 

SO  .  CM 

Disulphone-sulphide,  CH2<gQ*  ‘ 


tt  ..SO, - CM2\  CA 

CH2VS02— ch2>s°2’ 


and 


2^S,  do  not  melt  at  340 


,°.  This  is  also 


true  of  Triethidene  Trisulphone,  [CH3CHS02]3  (B-  25>  h one-sulohide, 

The  two  isomeric  trithioacetaldehydes  yield  Triethidene  P 

CH, .  CH  .  <loxH{CH?)>S’ meUing  at  22S-2}'° ■  “  The  U°meriSm  °f  the 
aldehydes  vanishes  in  their  oxidation  products”  (B.  26,  2074,  27,  16  7) 

Thialdin,  CH,  melting  at  43”.  »  produced  by  the 

action  of  NH,  upon  o-trithioacetaldehyde  (B.  19.  183°).  and  of  H>S  “pon  '' 
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ammonia  (A.  61,  2).  It  yields  ethidene  disulphonic  acid  (see  below)  by  oxidation. 
Methyl  Thialdin,  (C2H4)3S2(NCH3) ,  melts  at  79°  (B.  19,  2378). 

B.  Mercaptals  or  Thioacetals  and  their  Sulphones. 

The  thioacetals ,  corresponding  to  the  acetals ,  are  called  mercaptals.  They  are 
formed  (1)  from  alkyl  iodides  and  alkali  mercaptides  ;  (2)  by  the  action  of  HC1  upon 
the  aldehydes  and  mercaptans.  They  are  oils  with  very  unpleasant  odors,  and  are 
oxidized  by  K.Mn04  to  sulphones : 


CH  •  ^2^5 
.  C2H5 


40 


ru  /SOj .  C2H5 
Ctl»^S02.C2H5 


Methylene  Mercaptal,  CH2(SC2H5)2,  boils  at  about  180°.  Ethidene  Mercap- 
tal,  ethidene  dithioethyl,  dithioacetal,  CH3  .  CH .  .  (SC2H5)2,  boils  at  1S60.  Propi- 
dene  Mercaptal,  CH3 .  CH2 .  CH(SC2H5)2,  boils  at  198  . 

In  the  sulphones  of  the  mercaptals  the  methylene  hydrogen  (see  above)  is  replace- 
able  by  alkali  metal.  Mono-  and  dialkylized  sulphones  can  be  prepared  from  these 
alkali  derivatives.  Again,  the  dialkylized  sulphones  may  be  obtained  from  the  mtr- 
cattols  (p.  218);  sulphonal  belongs  to  this  class.  . 

Methylene  Diethyl  Sulphone,  CH2(S02C2H5)2,  melting  at  104°,  is  readily 
soluble  in  water  and  in  alcohol.  It  is  formed  in  the  oxidation  of  orthothioformic 
ethyl  ether  (see  this).  Ethidene  Diethyl  Sulphone ,  CH3CH(S02C2H5)2,  melts  at 
750  and  boils  without  decomposition  at  about  32°°- 

C.  Oxysulphonic  Acids  and  Disulphonic  Acids  of  the  Aldehydes. 

The  alkali  salts  of  the  oxysulphonic  acids  crystallize  well.  They  decompose  quite 
easily  and  are  formed  by  the  action  of  the  alkali  bisulphites  upon  the  aide  i>  e>. 
Acids  decompose  them  into  aldehydes  and  SO,. 

The  only  stable  acid  is —  ,  .  .  Arid 

M ethy lenehy drin  Sulphonic  Acid,  Oxymethylene  Sulphomc  ac  • 
CH2(0H)S03H,  which  is  formed  together  with  Oxymethylene  Disuipn 

Acid,  CH(OH)(S03H)2,  and  Methine  Trisulphomc  Acid,  CH(S03U)„  . 
action  of  fuming  sulphuric  acid  upon  methyl  alcohol  and  subsequent  001  1  g 

product  with  water.  .  known: 

Methionic  Acid,  of  the  disulphonic  acids  of  the  aldehydes,  has  long  oe  “j 

Methylene  Disulphonic  Acid,  CH2  .  (SO?H)s,  Methionic  Acid,  is^P  ^  js 
when  fuming  sulphuric  acid  acts  upon  acetamide ,  acetonitrile,  lactic  acta,  • 
most  conveniently  made  by  saturating  fuming  sulphuric  acid  with  ace. >  e  ^  j 
calcium  carbide).  In  this  instance  it  is  most  certainly  due  to  the  decompo- 
acetaldehyde-disulphonic  acid ,  an  intermediate  product : 

CH  :  CH  — OCH  .  CH(S03H)2  - >  CH2(SO,H)2  +  c0‘ 

1  ft  It 

There  is  simultaneously  formed  another  sulpho-acid,  richer  in  car  )o  privately 
easily  be  separated  from  this  by  means  of  its  sparingly  soluble  barium  sa  t.  ^  needles. 
communicated  by  G.  Schroeter.)  Methionic  acid  crystallizes  in  ^x^€SQcons\sts  0f 
It  is  not  decomposed  by  boiling  nitric  acid.  CH2(SOs)2Ba-+'  2H0  ^  £Cid, 
pearly  leaflets,  dissolving  with  difficulty  in  water.  Ethidene  Disu  p  ^  ($2). 
CHj .  CH(S03H)2,  is  produced  when  thialdin  is  oxidized  with  KMn(J4  (  •  gsterf 
The  hydrogen  of  the  methine  group  in  Ethidene  Disulphonic  Acid  il0jate, 
CH3 .  CH(SOsC2H5)2,  can  be  replaced  by  sodium  by  means  of  sodium  a  co^  ^eajkyl 
then  by  alkyls,  just  as  was  done  in  the  case  of  the  sulphones  (p*  203)  a 
malonic  esters  (see  these)  (B.  21,  1550). 


4.  NITROGEN  DERIVATIVES  OF  THE  ALDEHYDES.  ^ 

A.  Nitro-Compounds. — Brom-nitromethane ,  and  1,1-brorn  nd' 
propane ,  as  well  as  1,1-dinitro-paraffins,  which  have  been  previously  c 
be  regarded  as  nitrogen-containing  aldehyde  derivatives. 


NITROGEN  DERIVATIVES  OF  THE  ALDEHYDES. 
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B.  Ammonia-  and  Monalkylamine  Aldehyde  Derivatives  (p.  192). — While 
ammonia  adds  itself  to  acetaldehyde  and  its  homologues,  forming  aldehyde  ammonias 

NH 

or amido-alcohols,  e.  g .,  CIi3 .  when  it  comes  in  contact  with  formalde¬ 

hyde  it  immediately  produces — 

Hexamethylenetetramine,  (CH2)6N4,  discovered  in  i860  by  Butlerow.  Under 
the  name  of  forrnin  it  is  used  as  a  solvent  for  uric  acid.  It  is  very  soluble  in  water. 
It  crystallizes  from  alcohol  in  brilliant  rhombohedra.  It  sublimes  without  decom¬ 
position  in  a  vacuum.  It  is  again  resolved  into  CHaO  and  ammonia  when  distilled 
with  sulphuric  acid.  It  is  a  monacid  base,  but  shows  no  reaction  with  litmus  (B.  22, 
1929).  It  combines  with  the  alkyl  iodides  (B.  19,  1840).  (Consult  further  B.  26,  R. 
238.)  Efforts  have  been  made  to  ascertain  its  molecular  weight  by  the  analysis  of  its 
salts,  by  an  approximate  determination  of  its  vapor  density,  and  by  the  lowering  of 
the  freezing  point  of  its  aqueous  solution  (B.  19,  1842;  21,  1570).  Nitrous  acid  first 
converts  hexamethylenetetramine  into  dinitrosopentamethylenetetramine,  and  this 
then  into  trinitrosotrimethylenetriamine.  When  it  is  considered  that  trimethylene- 
trimethyltriamine  is  formed  by  the  interaction  of  methylamine  and  formaldehyde, 
it  is  obvious  that  the  reaction  must  cease  at  this  point,  because  the  imide-hydrogen 
atoms  have  been  replaced  by  methyl  groups.  Ammonia  and  formaldehyde  yield  at 
first  trimethylenetriamine,  corresponding  to  trimethylenetrimethyltriamine,  which 
absorbs  ammonia  and  formaldehyde,  splits  off  water  and  becomes  pentamethylene- 
diamine.  The  latter  is  converted  by  formaldehyde  into  hexamethylenetetramine. 
The  following  constitutional  formulas  aim  to  represent  this  deportment  (compare 
Roscoe-Schorlemmer  (1884),  vol.  111,646;  Duden  and  Scharff,  A.  288,  218): 


Trimethylenetriamine  Pentamethylenetetramine  Hexamethylenetetramine. 


The  following  bodies  are  produced  when  primary  amines  act  upon  formaldehyde 
(B.  28,  R.  233,  381,  924;  29,  2110) : 

Methylmethyleneamine,  rCH.  =  N  .  CH3]3,  boiling  point,  166  ;  sp.  gr.,  0.9215 

(i87°).  .. 

Ethylmethyleneamine,  [CH2  =  N  .  C2H5]3,  boiling  point,  207  ;  sp.  gr. ,  0.S923 
(18.7°). 

^  ^-Propylmethyleneamine,  [CH2  =  N.C3H7]3,  boiling  point,  248°;  sp.  gr.,  0.880 

By  the  use  of  aldehydes  with  higher  molecular  weight,  the  tendency  to  poly¬ 
merization  on  the  part  of  the  reaction  products  of  primary  amines  and  aldehydes 
diminishes : 


Methylisobutyleneamine,  (CH3)2CH  .  CH  =  N.  CHS,  boils  at  68°.  Secondary 
amines  and  formaldehyde  yield — 

Tetramethylmethylenediamine,  CH2<^/^j  j3|2,  boiling  at  85°  (B.  26,  R.  934)* 

.  Aldehyde-ammonia,  CH3CH(OH)NH2,  melts  at  70-80°  and  boils  at  ioo°.  It 
is  produced  when  dry  ammonia  gas  is  conducted  into  an  ethereal  solution  of  aldehyde, 
and  consists  of  brilliant  rhombohedra,  dissolving  readily  in  water.  1  hey  can  be 
vaporized  without  decomposition  in  a  vacuum.  Acids  resolve  it  into  its  com¬ 
ponents  (p.  192) : 


CH3 .  CHO 


nh3 


>  CH3.CH(OII)NH2 


S°4h2  CHjCIIO  +  S04II .  NH4. 
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In  contact  with  water  it  passes  into  amorphous  Hy dr  acetamide,  C,H,,N.. 

nitrite,  added  to  a  slightly  acidulated  solution  of  aldehyde-ammonia,  produces _ 

Nitrosoparaldimine,  C,HaO,(N .  NO),  which  by  reduction  becomes  amido- 
paraldimine,  C6HuO,(N .  NH,),  and  this  in  turn,  by  the  action  of  dilute  sulsboic 
acid,  splits  off  H\ drazine.  NH,  .  NH,  (B.  23,  740).  Paraldimice  should  be  viewed 
as  paraldehyde  in  which  an  oxygen  atom  has  been  replaced  by  the  imido  grocp 
Hydrogen  sulphide  changes  aldehyde-ammonia  to  Thialdin  p.  203),  while  with 
prussic  acid  it  becomes  the  nitrile  of  a-amidopropionic  acid  see  this).  A  nuher  re¬ 
markable  reaction  occurs  when  aldehyde-ammonia  acts  upon  aceto-acerc  ester.  It  is 
the  formation  of  1,3,  5-  Trimethyldihydropyridine-dicarbsmi. :  e:ter  (see  this). 

Chloral-ammonia.  CCIjCH^q^1,  melts  at  63°. 

For  the  chloralimides ,  (CC1,  .  CH  :  NH),,  and  Deh  .  drochloralimidez .  Cf  H,C^N^ 
consult  B.  25,  R.  794 ;  24,  R.  628.  The  isomensm  of  the  former  is  Tery  probably 
dependent  upon  the  same  causes  as  that  of  the  polymeric  thioaldehydes  (p.  203;. 


C.  Aldoximes,  R'.  CH  =  N  .  OH  (V.  Meyer,  1863). 

The  aldoximes  are  formed  when  hydroxylamine,  an  aqueous  solu¬ 
tion  of  the  hydrochloride  (1  mol.),  mixed  with  an  equivalent  quantity 
of  soda  ( Yt  mol.)  acts  in  the  cold  upon  aldehydes.  At  first  there  is 
very  evidently  formed  an  unstable  addition  product,  corresponding  to 
aldehyde-ammonia,  which  in  the  case  of  chloral  may  be  obtained  in 
stable  form,  but  which  passes  readily  into  the  oxime : 

CH,.C^°  KH!°H  ■>  (CH,C^OH<OH)) 

ccv<S  (cq,.c^|h°H)  -h’°-^  co.gg0”- 

The  aldoximes  are  colorless  liquids  which  boil  without  decomposition^  Tie  ^ 
members  of  the  series  dissolve  readily  in  water.  When  boiled  with  acids  ^ 
again  changed  to  aldehyde  and  hydroxylamine.  By  the  action  of  acetic  achy^ 
acetyl  chloride  the  aldoximes  become  nitriles : 

CH3CH  =  NOH  +  (CH*C0},0  =  CH*CX  +  zCHzC  0*H. 

Acetoxime  Acetonitrile. 

The  oximes  and  hydrazones  (p.  207),  like  the  aldehydes,  take  up  pmssic  tad*  die 
products  are  amidoxyl-  or  hvdrazino- nitriles  (B.  29,  62). 

Formoxime,  Formaldoxime ,  CH*  =  X  .  OH,  boils  at  84°,  and  passe?  spc 3 

ously  into  polymeric  triformoxime,  CH*<^  *OH 

Form  xime  yields  hydrocyanic  acid  when  it  is  boiled  with  water  (B  ^  VVexfiB 

Acetaldoxime.  CH*  .  CH  :  NOH,  melting  at  470  and  boiling  at  a.  g. 

in  a  second  modification,  melting  at  12°,  which  readily  reverts  to  the  -  -* 

26,  R.  610;  27,  416).  m ad 

Chloralhydroxylamine,  CC1*.  CH(OH)XHvOH),  melts  at  S90  (B.  25.  ^  ' 
even  upon  standing  in  the  air  becomes — 

Chloraloxime.  CC1,CH  =NOH,  melting  at  39-40°. 

Propionaldoxime.  C,HS .  CH  =  N .  OH,  boils  at  130-132°.  , 

Isobutyraldoxiroe,  (CH,),CH  .  CII  =  NOH,  boils  at  1390-  Isow^j  g'H.V 
(CH,),CH  .  CH, .  CH  =  NOH,  boils  at  164-165°  CEnanthaldoxiine.  l  R 

CH  :  NOH,  melts  at  55. 50  and  boils  at  195*.  Myristinaldoximemei^^  ^  ^ 
26,  2858).  The  aldoximes  of  the  fat  series  resemble  the  aromatic  “  “ 
their  deportment  (B.  28,  2019). 
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D.  DLazoparafhns  are  produced,  as  shown  by  v.  Pechmans  in  1894,  by  the  action 
of  alkalies  upon  ni'rosamines.  Diazotnethane  alone  has  been  carefully  studied. 

D. azorn  ethane,  Azimetkylme,  CH,N,,  is  at  the  ordinary  temperature  a  yellow, 
odorless,  bat  very  poisonous  gas,  which  strongly  attacks  the  skin,  the  eyes,  and  the 
longs.  It  is  best  made  by  the  action  of  alkalies  upon  nhrosomethylorethane  : 

SO  N 

CH.S'  +  NaOH  =  CH/  -f  H,Q  -  XaO .  CO/jH.. 

xCO,C,Hs  N 

Diazomethane  exhibits  the  reactivity  of  diazoacetic  ester  (see  this).  Water  con- 
verts  it  htto  methyl  alcoboL  Iodine  changes  it  to  methylene  iodide.  Inorganic  and 
organic  adds  are  changed  into  their  methyl  esters :  hydrochloric  acid  into  methyl 
chloride :  prussic  acid  into  acetonitrile ;  phenols  into  anisols ;  toluidine  into  methyl 
tohndine.  Diazomethane  and  fumaric  methyl  ester  unite  to  pyrazolindi carboxylic 
ester  (B.  28,  1624,  2377). 

E.  Aldehyde  Hydrazones  (E.  Fischer,  A.  190,  134;  236,  137). 

The  aldehyde  hydrazones  correspond  to  the  aldoximes.  They  are  the 

transposition  products  of  aldehydes  and  hydrazines  (see  these ),  which 
are  formed  when  their  constituents  are  mixed  in  ethereal  solution. 
The  water  produced  in  the  reaction  is  removed  by  K,COJ?  and  the 
hydrazones  then  purified  by  distillation  under  diminished  pressure  : 

CHjCHO  +  H,N  .  NHC,H5  =  CH,CH  =  N .  XHC,  H,  +  H,0. 

Acetaldehyde  Hydrazone,  Ethidene  Phenylhydrazine,  CH, .  CH  =  NNH- 
CtHj,  boils  at  140°  (20  mm.).  Crystals,  melting  at  63-65°,  separate  from  the  cold 
solution  of  the  freshly  distilled  preparation,  dissolved  in  75  per  cent,  alcohol.  If  the 
liquid,  after  the  addition  of  4  c.c.  of  cone,  sodium  hydroxide,  be  heated  to  boiling  for 
three  minutes,  a  second  modification,  melting  at  98-101°,  will  separate  out  upon 
cooling.  When  azophenyletbyl  ( see  this)  is  dissolved  in  cold,  concentrated  sulphuric 
acid,  it  changes  to  acetaldehvdephenvlhvdrazone  (B.  29,  793)-  Aldehyde  precipi¬ 
tates  the  body  CH, .  CHO .  2(C,HSNHNH,),  melting  at  77.50,  from  the  solution 
of  phenylhydrazine  bitartrate  (B.  29.  R.  59^)-  Propylaldehydephenylhydrau/ne , 
CHj.CH,  CH  =  X,C,H.,  boils  at  205°  (180  mm.).  These  hydrazones  take  up 
prufcic  acid  and  pass  into  the  nitriles  of  bydrazido-acids  (B.  25,  2020). 

Formaldehyde  differs  from  the  higher  homologues  in  that  with  phenylhydrazine  it 
yicW s— ■ 

Trimethylene  Phenylhydrazine,  (C,H5X,),(CH,),,  melting  at  183-184'  (B.  29, 
1473; R-  777)-  ,  .  . 

Formalazine,  CH,  =  N  —  N  =  CH,  (?),  from  formaldehyde  and  hydrazine,  is  a 
white,  amorphous,  somewhat  hygroscopic  mass  (B.  26,  2360). 


2  B.  OLEFINE  ALDEHYDES,  C.H*-* .  CHO. 

The  unsaturated  aldehydes,  having  a  double  carbon  union,  bear  the 
same  relation  to  the  olefine  alcohols  (p.  130)  that  the  paraffin  alde¬ 
hydes  sustain  to  their  corresponding  alcohols.  Their  aldehyde  group 
shows  the  same  reactive  power  as  the  group  in  the  ordinary  aldehydes. 
In  addition,  the  unsaturated  residue,  C„HI0— „  gives  rise  to  addition- 
reactions  similar  to  those  shown  by  the  olefines.  Some  of  the  olefine 
aldehydes  are  connected  with  the  saturated  aldehydes  by  condensation 
reactions ;  e. g. ,  crotonaldehyde,  tiglic  aldehyde,  meth\l  acrolein,  etc. 


208 


ORGANIC  CHEMISTRY. 


Acrolein,  C3H40  =  CH2 :  CH  .  CHO,  boils  at  520.  It  is  produced 
by  the  oxidation  of  allyl  alcohol  and  by  the  distillation  of  glycerol  or 
fats  (1  pt.)  with  potassium  bisulphate  (2  pts.)  (B.  20,  3388 ;  A.  Sup.  3, 
180): 

CH,OH  CHOH  CHO  CHO 


CHOH  CH  - ^  CH2  -  Hs°  ->  CH  . 

II 

CHjOH  CHaOH  CHjOH  CH2 


Acrolein  is  a  colorless,  mobile  liquid,  possessing  a  sp.  gr.  of  0.8410 
at  200.  It  has  a  pungent  odor  and  attacks  the  mucous  membranes  in 
a  frightful  manner.  It  is  soluble  in  2-3  parts  water.  It  reduces  an 
ammoniacal  silver  solution,  with  formation  of  a  mirror-like  deposit, 
and  when  exposed  to  the  air  it  oxidizes  to  acrylic  acid.  It  does  not 
combine  with  primary  alkaline  sulphites.  Nascent  hydrogen  converts 
it  into  allyl  alcohol  (p.  130). 


Phosphorus  pentachloride  converts  acrolein  into  propylene  dichloride,  CH2 :  CH.- 
CHCL,  boiling  at  84°  C.  With  hydrochloric  acid  it  yields  /3-chIorpropionic  aide- 
hyde  (p.  199).  With  bromine  it  yields  a  dibromide,  CH2  .  Br .  CHBr .  CHO,  which 
becomes  a,/?-dibrompropionic  acid  upon  oxidation  with  nitric  acid.  Baryta  water 
converts  it  into  a-acrose  or  (d  — |-  1)  fructose  (see  this). 

When  preserved,  acrolein  passes  into  an  amorphous,  white  mass  ( disacryl ).  On 
warming  the  HC1  compound  of  acrolein  (see  above)  with  alkalies  or  potassium  car¬ 
bonate  metacroltln  is  obtained.  The  vapor  density  of  this  agrees  with  the  formuia 
(CsH40)s.  It  fuses  at  45-46°.  „  __ 

Ammonia  changes  acrolein  to  the  so-called  acrolein- ammonia,  2C3H/J  -  -s,Hs 
C6H9NO  -f-  H20.  This  is  a  yellowish  mass  that  on  drying  becomes  brown,  an 
forms  amorphous  salts  with  acids.  It  yields  picoline ,  C6H7N  (methylpyridine,  C5  * 
N .  CH3),  when  distilled.  Hydrazine  changes  acrolein  to  pyrazoline,  and  p  ien> 
hydrazine  converts  it  into  I-phenylpyrazoline  (B.  28,  R.  69). 


Crotonaldehyde,  C4H60  =  CH3 .  CH  :  CH  .  CHO,  boils  at  104° 
(Kekule,  A.  162,  91).  It  is  obtained  by  the  condensation  of  acetal¬ 
dehyde  (p.  195)  from  the  primarily  formed  aldol when  heated  with  1  u 
hydrochloric  acid,  with  water  and  zinc  chloride,  or  with  a  so  'u 
acetate  solution,  to  ioo°  C.  (B.  14,  514  ;  25,  R.  732);  W*?en  f 
heated  or  treated  with  dilute  hydrochloric  acid  it  splits  oft  watt 
becomes  crotonaldehyde : 

2CH3.CHO  - >■  CH3.CH(OH).CH2.CHO  - >  CHs.CH=CH.CHO 


5°  it  has  a  sp.  gr- 


of  1-033 


Crotonaldehyde  is  a  liquid  with  irritating  odor; 
and  boils  at  104°.  On  exposure  to  the  air  it  oxidizes  tocrotomc  acia ;  **• 
oxide  (B.  29,  R.  290).  It  combines  with  hydrochloric  acid  to  form  ^w‘ater  and 
aldehyde  (p.  199) ;  on  standing  with  hydrochloric  acid  it  unites  with ) 

id  acetic  acid  change  it  to  croton- alcohol,  butyra 


Iron  and 


becomes  aldol. 

butyl  alcohol .  ,  .  I20u 

WTien  the  alcoholic  solution  of  acetaldehyde-ammonia  is  heated  to  "  ’  jj0us 

tonal-ammonia,  C8H13NO  (Oxtetraldine),  is  produced.  It  is  a  brown, 
mass.  When  heated  it  breaks  up  into  water  and  collidine,  C8HnN 

Tiglic  Aldehyde,  guaiacol,  CH,CH  =  C(CHS)  .  CHO,  boils  at  110  • 


V5.  Cro- 


It  Doa)' 


OIXFOTE 


2D9 


_ _ t  A  br  the  c-ode^k*  of  «M- 

^  cjt  CH  :OCH,  -  CHO,  is  priced  bj  the  coa- 

Kr-ry.-^*-.*-  APjSir-*  * ' 5  106  .  £sd  bc/£s  at  IJT®  C 

ie^Kb^toal are  okfioe  ildehydts.  2i>d  Gerama-  cr 
-  ^TcSTrf  aMeknks.  These  wSl  be  only  ccesKterec 

C^.CHO  Pr^gjSc  A^dg.  CH  j  - 

rl"  rL  *  si3.  Ii  H  fwbttd  wnen  t3e  CH  :  ( c\c" 

•V,~mr  ~g  u~.  f~x-  dtaMMCwleia  irml  £nd  akAnBc  poi£sa,  is  oca-ea  with 
Sb*' jdidawcwai.  Iiki  rsyrubbCe  1V~Ti>d,  which  prcrecies  tears,  its  sttzer 
meh  msTaziasn*.  Safe*  rjcra-  at  iie  crdi^arf  ce^xerp^es 

•rcsr^ri;  »v>r^»  astaih  h&D  acetfleae  zr»c  scdr=-  recreate:  CH  :  C.  CH  J 
-XaJH  =  CH  ;  CH  —  N*0 .  CHO  *L-  Caisec,  rrlraiely  eoMMialcd  . 


3 A.  Ketones  of  the  Limit  Series,  Paramn  Ketones, 
C*H..O. 

It  the  introduction  to  the  aldehydes  ana  ketones  fp.  187 ;  atten¬ 
tion  w^s  directed  to  toe  great  similarity  between  these  two  c.  asses 
«  cocnpxnjds-  which  finds  emresion  in  their  most  important  methods 
t  kitmtcc  azto  in  their  transtiosition  reactions.  It  was  also  there 
ttaieo  that  two  cizerent  kinds  of  ketones  were  known  : 

i-  Simple  ketone:t  containing  two  similar  alkyls. 

2  Mixed  iet:-ms .  having  two  different  alktls. 

Methods  ef Formation. — 1.  Oxidation  of  secondary  alcohols,  whereby 
=  CH .  OH-gronp  is  transposed  to  the  =  CO-grocp  (p.  187). 


.  *-  A  "P2r^7  w  Trrtnfi,  the  piwrrUnn,  is  obtained  u-so  the  cherdary  glycols— 
st*  lass®  — by  the  wnbirawal  of  water.  This  is  eSected  by  c&iti  cf 
^-'_-djfnc  k;  rjr  >yjr  ^r-r-*  sidcck  add  Tie  siapiot  citemary  gifeo.  is 
cr  pbaocome.  It  e dght  be  expected  that  when  this  lost  water, 
il.  <-nif  wtacli  be  ptoexte.  However,  by  the  occcmtce  of  a 

“■wlidyc  er~r£ ~r-becr  .rr  atonic  rearra^ecxec.:  k  vieids  the  simplest  pimacotiMe^ 
****  *******  kttome: 


tCH^AOH) 

7sa=*=*r:  Gcyai 


(CH^C\ 


(CH^C/ 


I  ° 

,C/ 


->  ( CH,  ,C .  CO  -  CH, 


Teriary  B-tyteeibr]  Ktf.ont, 
Paacoliat. 


J*  Bt 


Icaoae  dil ori5es  wii  : 


'CHjjOOj 


HjO 


I'JC* 


4-  CH,),CO. 


acSaon  of  acids  fB,  202)  upon  tie  sod:i3  s£xs  of  tie  nK>:>onhro- 

'  .r*r-  157^  1  r.?^r^grrirrp  *n  a  ?^rrr.:r^  c&rboc  2XCIH  : 


z  CHi)/>^iJ  +  2HQ  =  afCHj  ^CO  -f  N,0  4-  aNaCI 


MO 


r-ihetic  Methods  of  Formation. — --  By  the  distillation  of 
07  barium  acetates  and  their  higher  homolognes.  Such  a  salt, 
^  he?Cd  alooc*  T»«I<i5  a  simple  ketone.  The  distillation  of  a  mixture 
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of  equimolecular  quantities  of  the  salts  of  two  acids  results  in  the 

formation  of  mixed  ketones  (p.  188).  .  .  .  . 

In  making  ketones  with  high  molecular  weight  it  is  best  to  carry 
out  the  distillation  under  diminished  pressure  Some  normal  fatty 
acids  have  yielded  ketones  on  treatment  with  PA  (B  26,  R.  495)- 
6.  The  action  of  the  zinc  alkyls  upon  the  chlorides  of  the  acid 

radicals  (Freund,  i860). 

The  reaction  is  similar  to  that  occurring  in  the  formation  of  the  tertiary  alcohols 
(p.  1 14).  At  first  the  same  intermediate  product  is  produced  (A.  175,  A  188, 

IQ4) :  r  CH, 

CH3 .  C0C1  +  Zn(CH3)2  =  CH3 .  C  j  O .  Zn  .  CH3, 

which  (with  a  second  molecule  of  the  acid  chloride)  afterwards  yields  the  ketone 
and  zinc  chloride : 

CII, .  C  {  .  CH,  +  CH, .  C0C1  =  aCH, .  CO .  CH,  +  ZttCI,. 

lei 

In  many  cases,  especially  in  the  preparation  of 

chloride  and  zinc  methide.it  is  more  advantageousto  "  ,|e  ,j„c 

addition  oroduct  of  zinc  methide  and  acid  chloride  with  water,  woen 
hydroxide  will  be  transposed  by  the  hydrochloric  acid  into  /.me  c  1  on  c 

CH  c— CH3  3  +  2H20  =  CH3 .  CO .  CH3  +  Zn(OH)2  +  HC1  +  CII‘- 

\C1 

7.  By  the  action  of  anhydrous  ferric  chloride  upon  are"  produced! 

chloric  acid  is  evolved,  and  chlorides  of  /3-ketone  car  oxy  break 

From  these  water  liberates  the  free  /J-ketone  ctutooxyltc  aetds  The  ^ 
down  readily  into  carbonic  acid  and  ketones  (compare  method  of  formatto  ) 


CH, 


CH, 


TT  Q  *  - COo 

2C2H5C0C1— -^-C2H5.  CO.  CH.  C0C1  >-C,HiiCO.  CH.  C02II 


C2H5.CO.CjH5 

2 — 0  '  #  acids 

8.  By  the  oxidation  of  dialkyl  acetic  acids,  ^  ^a^^^rmediate  products 
corresponding  to  them ;  the  latter  are  simultaneously  formed 

in  the  oxidation  of  the  former  compounds,  e.g.  : 

(CH,),CH.CO,H  (CH,),C(OH)  . CO,H  (CH,),CO  +  CO,  +  H* 

9.  By  the  breaking  down  of  /3-ketone  mono-  and  dicarboxylic  acids— e.  g~ 

CO, 


CH3.C0.CH2.C02H - 

Acetoacetic  Acid 

co2hch2coch2co2h  — 

Acetone  Dicarboxylic  Acid. 


CH,CO  cHr 


2CO, 


Compare  acetoacetic  ester,  and  also  acetone  dicarboxylic  acid. 


<■*%  A  i V, 


T:&  are  yr'/ls*A  tu  tie  <ty  Art^as#*  'A  *,sxs,  v,'., 

mpt,  .y*e  '»'//v,  «y:  wmj  tikn  aidm i  tfmyxmii, 
/ftmttulaiure  **4  /umeritm, — T  it  te*  n  it  <e?  ->ec  f'  ^r. 

<ht  wiwpleM  aad  Ini  tot— r  suUtu.  The  naaacaof  (fo 

ktto*e»  are  rinaiwl  bf  the  umi  «f  tk  aJfcyfc  wfch  tk 

tjjfcu-e  kxUne — e.i r.f  <1  vyrr,/*  ketone,  we*hybethjr2  ieUce,  *?/„ 

A*  Kwyrrayiifck  t««w»  j» Irrti  fmimtAH kkk<»r/ 

«|  k  yjM  COf  wtfk  Mw  iftff  y<y>  Ir  tow  Aw  lrrt»  wwy^.  4#  wr 

‘AS  /A.  &vm  '  '-*•  »'«/,(*  VAt^JWWi:  '/  <tk*  \,jq%~v  f A.,  V£ 

i*vx  *.-#  „ie  */>$».  v>-.  v/v,  ‘*rsx.  * 

rrfM  **0K0**  wwy>  Tlw  ifttow,  wmM  fce  fw 

6 ;  j  -  CH,  »  v.  •'  v*  l'*Z''spr4f*n* .  Tut  **  r ytaera.  uaun 

jMrdtetoafci  ftfaUMf  (ktok  “urn**  to>  A«mw  W  k  tfkoka:  mmw 
it  T,  me&fs+Abjl  Irrtawt  »  1?j&zssa^ 


At  there  »  ^  keto&e  fc*  etery  ixx/xAztj  a^orxA,  tie  zj&u&tx  *A 
mmenc  \titmet  of  dehaite  carbcei  eotteat  werjwaJ  to  the  aiMkr«f 
powiMt  secondary  kokh  wmiiiif  tike  mm  mmUt  rf  eatwi 
atom,  The  ftmfU  keis/tttt  me  mmtnc  wtik  k  mtxtd  ketorntt  km{ 
a  like  carto*  CMkat,  The  miKfiwi  Ike  ktM»  amtm%  dp 
iebts  » <ie>eryie&t  wy/n  tie  uxv*/xrt  <A  tie  akofcfe  tadxai  acred 
»  ",  *ie  (k&wll  t;e  mmumu  <A toe  a^te*? tk* (y  ty. .) 

bx  the  Wxs&nwt  'A  tbe  ketonet  »i*r.  «rher  cos^^t, 

Prepertut and  Trsmf&ntuUunt — Tre  bttwei  5/<  rer-tra.  '/k 
Tre  ,v*er  MMkfcNP  ftf  IkirtM  JME  Mfflatiky  dlMHl  *m0Sm& 

»'  e  tie  arfjryr  tMxutxx*  are  *4*fc 
> etyaaeratiag  try:  trzz&yxktsxA  pvmbte  wi'A  b*?sxx&,  h  »31  le 
vet*  to  fittest  aaUtu,  tie  r-v/tt  vmy/rzzx  arvi  us/a  ttexim&Af  m~ 
r«r,*.  j^ated  Butiakr  of  tfck  daw  of  bodka, 

1.  Kef orya  dJfcr  cfcse^r  firoso  aldehyde*  is.  dbor  btfwnor  »ry* 

7  ryry  3sre  r»t  to  eat  J  r  ‘xuAHis-S.  at  tie  aWehrrJet, 

V/kefc  f3>"/re  pcwn^i  oxidanH  are  •sxryxrfA,  tie  kfcr^altaMt 
tew  Vesur  dv»r.  a*  the  erJosi  ^  *>'.  tie  CO-growp-  Car  x/tTlie 

aeylt  are  pevtxed,  avl  is  vxsjt  <iae:  tff/AXA  r/i  a  ^">-»er  "-a'/io 
eoateat ; 

Of^OO.CH, - 5-  CHf  OOyHwf  B.COjH  — - - ^  CO,  +  H/a 

- k  €^H^CD,H  «w3  Cflf.avn 


1#  «s»£  xkiee  l<tom>  raif>Vi  »e  yrmafjm  dunefer, 

00  ^tvb^  v>*rt  vy,  4*  *»  b/nt+xbj  vey/x^X,.  ik&a.  \  t».Vi»jroj  wri  *s»^y 
4  y'XXxXA  ~  '/A  yj*it*x  <-  rv.ntx*,  *  Z 


CH,  CH,  CO, a#,. CH,, Of, — 


aXM^COjH  wIOOjH.C^.C^.C^ 

^CH,.CH,-CXyf 


Wju*»  *  w/rs&rt  *#/mX  n&aX  h  *  *5*t*  ^  **  i-ssrae, 
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further  oxidized,  whereas  in  the  case  of  a  tertiary  alcohol  radical  the  CO-group 

remains  combined  as  carboxyl.  / 

The  direction  in  which  the  oxidation  proceeds  is  dependent  less  upon  the  oxidizing 
agent  than  upon  the  oxidation  temperature  (A.  161,  285  ;  186,  257  >  B. 

17,  R.  315;  18,  2266,  R.  178;  25,  R.  121).  . 

It  is  remarkable  that  pinacoline  (p.  209)  was  successfully  oxidized  by  potassium 
permanganate  to  the  corresponding  a-ketone  carboxylic  acid  of  like  carbon  content: 
trimethyl  pyroractmic  acid  : 


(CH3)3C .  CO .  CH3 

Pinacoline 


30 


>  (CH3)3C .  CO  .  C02H. 

Trimethyl-pyroracemic  Acid. 


2.  Concentrated  nitric  acid  breaks  the  ketones  down,  and  converts  them  in  part 
into  dinitro-paraffins  (p.  159)  : 

(C,Hs),CO  N°,H->  CH3CH(NO,)j 
(CH3 .  CH2 .  CH2)2CO  - >“  CHS  .  CH2CH(N02)j. 

3.  Amyl  nitrite,  in  the  presence  of  sodium  ethylate  or  hydrochloric  acid,  converts 
the  ketones  into  isotiitroso- ketones  : 


CH3 .  CO  .  CH3  nooc»h»-^  CH3 .  CO  .  CH(NOH) 

CH3CO .  CH2 .  CH3  - ->  CHS  .  CO  .  C(NOH) .  CH3. 

The  isonitroso-ketones  will  be  discussed  later  as  the  tnonoximes  of  a-keto-aldt - 
hydes  or  a-dikctones . 


Many  of  the  addition  reactions  possible  with  ketones  are  due,  as  in 
the  case  of  the  aldehydes,  to  the  ready  destruction  of  the  double  union 
between  carbon  and  oxygen.  These  reactions  are  partly  to  o\\  , 

even  with  the  ketones,  by  an  immediate  exit  of  water. 

4.  Nascent  hydrogen  (sodium  amalgam)  converts  the  keton 
secondary  alcohols  (p.  113),  from  which  they  are  produced  by  0x1c* 
tion.  Pinacones,  or  ditertiary  glycols,  are  simultaneously 

^P'  2°9^ '  (CH3)2CO  +  2H  =  (CH3)2CH .  OH. 


c.  The  ordinary  ketones,  like  the  ordinary  aldehydes,  are  little  dlsP°s^itu°4H”o 
bine  with  water.  Acetones,  containing  numerous  halogen  atoms,  unit 

and  2H20,  forming  hydrates.  .  nre  nroduced  when 

The  ketone  derivatives,  corresponding  to  the  acetals  (p.  200 ),  are  p  s  and 

the  /J-dialkyloxycarboxylic  acids  split  off  C02,  and  by  the  interaction 
orthoformic  ether  (Claisen). 

6.  The  ketones  resemble  the  aldehydes  in  their  deportment 

a.  With  hydrogen  sulphide ;  . 

b.  With  mercaptans  in  the  presence  of  hydrochloric  acid.  (CH,V 

The  products  are  polymeric  thioketones  (p.  218),  and  the  met  cap  -  >  ’ 

C(SC2H5)2,  corresponding  to  the  mercaptals  (p.  204).  id  anhydride0s- 

*  7.  The  ketones,  unlike  the  aldehydes,  do  not  combine  with  the  ac^d  ^  (B. 
Pinacoline  alone  unites  with  acetic  anhydride  to  form  a  diacetat  ,  0 

26,  R.  14)- 

8.  Only  those  ketones,  which  contain  a  methyl  group,  f° 


fJLESTZl  ALWHTMS- 
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rj-  .yrzzfj-  wills  toe  allcal  r>t  jenlpeittt,  Tiese  cai.  be  a»- 
*5 cfz+f,  ai  soils  of  o^sJpfeosk  2*±cs : 

(CH^CO  +  SO*HXa  =  (CH^^^ 

"J~ '^-y-  t<5~ tt  Kt»7-  11 1.«  !0f  lie  -V/itki  yJ— —  '• 

wfcch  cao  be  Hbeotod  froci  tbeti  bj  dHote  stliitr-c  acoi  tr 

a  y/Ja  sofestfc®-  .  .  ,  ... 

,  of  tdose  with  *mm#nls,  k)ir<yx}~2Mi*£  zxji  fmtag- 

kZraan*.  (*j  Xcttomt  bdunvs  diferectij  tsmarc  a*BB»pa  t vom  tie 
zAt&rva.  Xst^Ka-srttbetsc  reacts*  occsr?  wMi  tfce  tesap» 
duudirjjmiwt  i&i  triautonamin*  (p-  «9>  A  -  fc;  ir  >!E}ii— ie, 
byrcrer,  tie  ketooes  (J)  kdtxmcs  (f.  219;  ***  f) 
fcydsazsse  tier  forri  kfdraznus  (p,  22c>  In  test  lespects  10*7  re- 

sezabw t  the  aaddsrdei  (p-  2^7).  .  , . ,  - 

10.  Wbm  pfcrwpbore  trichloride  sets  «p<*  «e£c«e  zgrrx~*M 

«ai  »  eroded,  t-«*  «***  tie  a-fx-d  ^  ajiaJ:  CH„ 

*11 V.’phUf’J^  'fetackbrUe,  ffu^henu  trukl*r£inmV*,  *=*i 
fkfipl&nts  irtfrreMute  refface  the  ossgtx  ct  tie  ^  -  T  '' 
rlre  of  ts')  brunat  aftt«ai> 


Ta»  r^-s  »»»  fcr  She  dlw^. 

m.  xuxmcfou  C*»  ««*  **  t*«  !_Twt^- 

rar^r  **sr  <Uoriae  w  h?c*W»,  *«T  erxarxsr*  *  =«-2  «  - ? 

t*t  uzrxttA  xU,  tie  if^&sxsjzjz  ysrezza-  -  -  — . 

fa  T*t  ««<*  ^  *^r  ******  -  ^  ^ 

if  'ixrat  £X  lni;«imr 

xt.  The  V>»er  eer-e-  of  the  series  of  aldehydes  shewed* pes; 
teX^tol^-eria,  tat  bo  kewce  b»  beee  koo^  to  do  tha. 
KCMW^  in  enttnat  to  aiaer-rdet,  ate  sraae^ca^y  coEffitraaeC. 

.eeros^  rf  =«r:  **«  -*  ^ 

m  <*  ZZZ7**mr~-  ezt  *  ->*£**  "13?^ 

dMwfe.  ^  *«*«  V««  '/  »=r-  <“>-  T\±,  " 

CH, .  Cf^  -  CH,  -  CO  -  CH,  =  CH, .  CH^^  a, .  CH, 

A**-*  *B  *.  ..tax  «.  rf 

oiiru  iKW.ee'i ‘****J"'  .  .1,  M  ,  -  a  two 

tafcar  xratei  j^v:  ■tisJQe  .  r  ^  ^  —  tbe  yc***3*Jt 

cm** 'A  cr0t0msUd^de.  TSkk  w  »r  ^  ^  '  r 

«f  Z^CV  5d^  V>4H»  «=ie  <ir«c-7  ^  ^ 


214 


ORGANIC  CHEMISTRY. 


mesityl  oxide  (p.  219),  which  in  turn  condenses  with  a  third  molecule  of 
p  101  one  (p.  219).  The  ketone  alcohols,  first  formed,  were  not  tangible: 


acetone  to 


(CH3)2CO  +  CH3.CO.CH3  =  £H3>c  =  CH.CO.CH3  +  HjO 


CH 


Mesityl  Oxide 


ch’>c=ch.co.ch,  +  CO(CH,), = ch,>c~ch.co.ch  =  c<c;;. + „i0 


Phorone. 


(2)  Acetone  and  other  ketones,  having  a  suitable  constitution,  pass 
over,  under  the  influence  of  concentrated  sulphuric  acid,  in  to*  sym¬ 
metrical  trialkyl  benzenes.  It  is  very  probable  that  there  is  an  inter¬ 
mediate  formation  of  alkylized  acetylenes  (p.  98).  Acetone  yields 
mesitylene : 


ch3 

CH, 

• 

SO4H2  /  *  \ 

u> 

•  O 
O 

1 

- *■  (3<r.  ) 

CH, 

CH 

Acetone 

Allylene 

/CH— C\CH* 
->  CH,.C<  /CH. 


^CH_C^ 


\CH, 


Mesitylene. 


(3)  Acetone  condenses  with  lime  or  sodium  ethylate  to  isophorone , 
a  trimethyl  oxo-cyclo-hexene  (see  this). 


(4)  The  ketones*  like  the  aldehydes,  unite  with  hydrogen  cyanide  to  form  oxycy- 
anides  or  cyanhydrins ,  the  nitriles  of  the  a-oxyacids.  They  will  be  described  after 
the  a-oxyacids ,  into  which  they  pass  when  treated  with  hydrochloric  acid : 

(CH,),CO  CNH  -4-  (CH,),C<™  >  (CH,),.C<g°>H. 

a-Oxyisobutyric  Acid. 


(5)  Acetone  in  the  presence  of  caustic  soda  combines  with  chloroform,  yielding 
acetone  chloroform.  It  is  a  derivative  of  a-oxyisobutyric  acid.  The  latter  can  be 
obtained  from  it : 

(CH3)2CO  -  HCCl3  -->  (CH,)2C<ggs  - ^  (CH3)2C<^H. 

Acetone  Chloroform  a-Oxyisobutyric  Acid. 


(6)  Nascent  hydrogen  converts  the  ketones  not  only  into  secondary  alcohols 
(p.  1 13)  but  also  into  pinacones,  or  ditertiary  glycols  (p.  212) : 

(CH3)2C.OH 


2(CHs)jC0  +  *H=  I 


OH 


(CH3)2s 

Pinacone, 

Tetramethyl  Glycol. 


Acetone,  Dimethyl  ketone  \_Propanon\,  CH3.  CO  .  CH3,  01 11 
56.5°,  is  isomeric  with  propionic  aldehyde, propylene  oxide,  ti  nm  -  ^ 
oxide,  and  allyl  alcohol.  It  occurs  in  small  quantities  in  1  ^etes 
and  normal  urine,  while  in  the  urine  of  those  suffering  tiom  ^.^ 

it  is  present  in  considerable  amount,  due,  apparently,  to  t  it  ,  in 
down  of  the  aceto-acetic  acid  formed  at  first.  It  is  also  P  cenu. 
the  dry  distillation  of  tartaric  acid,  citric  acid  (see  t  his;,  »  ^eCh- 
lose  (wood),  hence  is  found  in  crude  wood  spirit  (p-  11 7;- 
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Diethyl  ketone  is  produced  from  carbon  monoxide  and  potassium  ethide  (n  js  \ 
Tetramethyl-  and  tetraethyl-acetone  have  been  obtained  as  decomposition  products 
of  penta-methyl  and  pent  a- ethyl  phloroglucin ,  when  these  bodies  were  oxidized  hv  • 
(B.  25,  R.  504).  ya,r 

(h)  Mixed  Ketones.  Most  of  the  members  of  this  class  are  made  by  the  distilla¬ 
tion  of  the  barium  salts  of  the  corresponding  acids  with  barium  acetate  (p.  209). 


Name. 


Methyl  Ethyl  Ketone  [Butanon],  .  . 
Methyl  Propyl  Ketone  [2-Pentanon], 
Methyl  Isopropyl  Ketone  [Methyl 

Butanon], . 

Pinacoline,  Methyl  Tertiary  Butyl 

Ketone, . 

Methyl  Oenanthone,  Methyl  Hexyl 

Ketone, . 

Methyl  Nonyl  Ketone, . 

Methyl  Decyl  Ketone, . 

Methyl  Undecyl  Ketone  from  Laurie 

Acid, . 

Methyl  Dodecyl  Ketone, . 

Methyl  Tiidecyl  Ketone  from  Myristic 

Acid . 

Methyl  Tetradecyl  Ketone,  .  .  .  . 
Methyl  Pentadecyl  Ketone  from  Pal¬ 
mitic  Acid, . 

Methyl  Hexadecyl  Ketone  from  Mar- 

garic  Acid, . 

Methyl  Heptadecyl  Ketone  from 
Stearic  Acid, . 


Formula. 

M.  P. 

B.  P. 

CHS .  CO .  C2H5 

• 

8i° 

ch3  .  CO .  C3Ht 

— 

102° 

CH3.CO.CH(CH3)2 

— 

96° 

CH3.  CO.C(CH3)3 

— 

1060 

ch3  .  CO .  C6H13 

_ 

171° 

CH3 .  CO .  C9H19 

+ 15° 

2250 

ch3  .  CO .  C10H21 

21° 

247° 

CH3 .  CO  .  CuH23 

28° 

263° 

ch3  .  CO .  c12h25 

34° 

(207°) 

CH3 .  CO  .  C13H27 

39° 

(224°) 

ch3.co.c14h29 

43° 

(231°) 

CHs  .  CO .  c15h31 

48° 

(244°) 

ch3  .  CO  .  c16h33 

520 

(252°) 

ch3  .  CO  .  c17h35 

55° 

(265°) 

The  boiling  points,  inclosed  in  parentheses,  were  determined  under  100  nun. 
pressure. 

Pinacoline  is  obtained  by  the  withdrawal  of  water  from  pinacone,  called  hex)  ei  e 
glycol,  from  tetramethyl  glycol  (CH3)2C(OH)  .  C(0H)(C1I3)2,  and  from  tnmetny 
acetyl  chloride  and  zinc  methide  (p.  209).  When  oxidized  with  chromic  aca  ^ 
breaks  down  into  trimethyl  acetic  acid  and  formic  acid.  Potassium  permangan  ^ 
converts  it  into  trimethyl  pyroracemic  acid  (see  this).  Pinacolyl  alcohol  fp rnes ; 
the  product  of  its  reduction.  Homologous  pinacones  yield  homologous  pinaco  1 

thus,  methyl  ethyl  pinacone ,  r?{!3>C(OH)  .  C(OH)<?,[]  ,  yields  ethyl  tertiary 

ICU  \  2  5  2  5 

amyl  ketone ,  .  CO  .  C2H5,  boiling  at  15°°* 

Methyl-nonyl  Ketone  is  the  chief  constituent  of  oil  of  rue  (from 
olens) ;  it  may  be  extracted  from  this  by  shaking  with  primary  sodium  su  p  1 


1.  HALOGEN  SUBSTITUTION  PRODUCTS  OF  THE 

LARLY  ACETONE. 


KETONES,  PARTlCU 

LARLY  ACETONE.  00nduct' 

Monochloracetone,  CI13 .  CO  .  CH2C1,  boiling  at  1190,  »s  obt^ed/ If  26,  597)* 
ing  chlorine  into  cold  acetone  (A.  279,  313),  in  the  presence  of  mart)  L  t 
Its  vapors  provoke  tears.  rn  £jiCl3 

There  are  two  possible  Dichloracetones,  C3II4C120:  {a)  CH3>  ,  ‘  etone  "'tl 
(/?)  CH2C1 .  CO .  CH2C1.  The  first  is  formed  on  treating  warmer 
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* zi-i  is  cciabaed  frtet  i>LtL  rKdo-amk  estr  B.  15.  nff  1.  I;  ic£j  1: 
f  rr.  Tie  >trx:m*te  5  obtained  fcy  tie  cioson  of  sort  tot  aad  m  •  -.» 

mvof  of  »&lbfidifCiE.  •  - : IjO  .  th  jH  . ri .  _ .  see  gfyrerzt  ,  vzb  ~i  fw- 

rt  fctzxtetxtr  2211  atiphnic  sac.  I:  nebs  z:  i-:.  zot  ke£s  2:  I'l'-ri-. 

Srrsen^  Tctradslocaccsooe.  CHO,.  GO.  CHCL  —  2HX1  -  e  naiiT  sfc- 
•i—.^  by  tbs  acbtc  o*  yxi-  tr  cxttx;  zoi  Ljfrotbltne  sdc  rtcc  —  -n-  ~  v 
J.-V-  B.  21,  JI’  o:  asai'iOCGeax  £L  22.  R.  66c  .  or  cat  cb'.ns*  — cc  tcLcrr:- 
gttaera  B  22.  H7‘  -  It  at5  it  48s.  I  ^Taattral  Titrmri  iracgiK.  CH.”I1 . 
CO.CCj.  sxi-f  it  1  >j:.  fc  prodaced  :y  tbs  senes  of  dirtx  net  b>;crtrT  ajcrJati. 
B  25.  R.  6l ).  Psiunlracstszt.  CHC, .  CD-  CO*,  af.r;  22  ij/.k  xab?i 
£xzt  tbbme  201  acsctce  A.  27  5-  >17 

Mamafcrxs aretooe,  CK-Er . CO . CH,.  b«£i  22  tr'  rg  —  rB-  2c.  1555 
H  iIiioi srrtiir  CBr,.GO-  CB^rdd^ 22  sccab-cfttn  — ~ -  .,- 

poea  Bi.  1  a.  1147  ,  22:  :rtrxi2  ;c  so:  R.  2c.  24c;  21.  »r  ;t  of 

irjers  aod  viter. 

Iodzsazetaze.  CH,.CD-  C HJ.  brfzr-g  22  5S0  (II  — -  e  pradoced  t  -»- 
passr:  anode  12  nelfcvi  2  Looboi  so  I  ajx  act-  ctcc  Eteot-bbtitiicsitcrr  R  2:  Iff* 

It  e  2  2cstt  aC  vkb  2  dissCTSit't  odor  B.  iB.  R.  jjs  . 

t-Di-bdoaC'tttt.  CH.I .  CO.  CK.I,  ftrzs  wbc  ixbe  cixoride  2225  arcs 

acettce. 

3-Glarhtk^yI  wtetkyi  KtZrme.  CH,  - .  CO  -  CH. .  CO  -  CHj,  202  Di-z-ci^z-rizo- 
bmty i  Kzzm.*.  CH,  »CQ .  CH, _  CO  -  CH,CCL  CH,  r  zre  tbe  nsbj  bst.aczrcsx.  e 
aCfbttcc  przdzcss  of  miazityl  €tLsz  z2d  ti.-r.xt  vbb  bjirtxbLtric  add-  tirBrrmzmzyT- 
miztiyl  Ktfzzr?.  ses  Acettnri!  zLcootb 

7 -Dz*nm-kzz?*.zz  are  zrezated  free:  tbs  ix^zmz  see  these  by  the  sdiitbtr:  of 
lH£e  J-Di:  ~wtr!  Cri.CH;.:.  CH,  .  Cb.^Ot.  is  fxre:  frtes 

czEeiyl.  oisttcs  202  ;KEr.  or  by  be  siibx  ct  zHhr  to  i_xhji  acszze  a  221  . 
c.-DukZ?r-ka*m£z  ir»  £yygec  v^b  the  dfksztees. 


i.  ALKTL  ETHERS  OP  THE  OSTHO-SZTCKES. 

Tbs  kttaKs  rr.zj  be  re~xrie-i  25  tbe  22  tybri  ies  c<  btoAfOul  r.ytc  s.  Tbcb  text 

tbs  -2-~e  K  JSkc  to  tbs  ££K3D*S  tbi  ~ ■ - >~»~srr iTT  jf  IC-tS  5252222  CO  bt  ZEXCCtC 

acids.  Is  r'-,»g  s«s2se  k  is  r-en  tesbift.e  to  stsb  ct  orit-zexss.  Tier  fzy! 
sars.  rim  wiling  to  tbs  acetils  its  tcoce:  by  aea-thxg  tbs  >ietixiT -aibaac 
atar.s.  srd  b*  frees  atetcot  by  2rz'.~  of  crtbtftmiz  ester  Gases.  B.  12  iar  1  : 

CHj.CO .  C,H3\jCHj .  COjH - ^  CH, .C/O.  Qty,.  CH,  -  CO, 

CH,.CO.  CH,  —  HGO.  CjHi  3 - ^  CH,  CO.  C-H^  .CH,  —  HCO.C,Hs. 

Oriia^JCtUme  Mttkyl  E^kzr.,  (CH,\,0  O  -  CH,  r  boCs  it  8j'.  (frlka-mc&me 
Eiiyl  Eiher.  ix£b^  it  i  t<  ~ ,  is  2  iktid  wid  £2  coor  rtseafeS^  text  of  ~a-~7c<rr. 
-  tese  sctKisas  22s  stibis  ibea  if  tee.  W  xter  or  2  csss  of  rz.~~.srx-  tu:  czxssi 
^s~  to  irai  (Mm  Tr-tn  iettzes  22:  xctacb. 


3.  KETONE  HALOIDS 

Ars  poisced,  25  ceztkoe:  oq  psge  213,  by  tbe  adts  of  PCI,,  PCljEtj.  22:  P3r- 
*pcc  kesooes. 

Acetoo-  chloride.  OUnuetsl,  CH, .  CC1, .  CH,.  boCs  2t  70=  :  sp.  gr-  I-S27  at 
•C.  Bremacettl  boCs  at  114*;  ct.  I.>M9  {O1  Methyl-etbyi  21c zzxrz- 
nsstbans.  CH,  CCL .  C.H..  be  s  at  9f>.  Methyi-ethyi  dibranmetbane  zet-s 

*"  ^*^7!  tertiary  bctyl  dichlzzmstbatts.  CCL.  - C  LK3  p  _»n_»  zt 
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4.  SULPHUR  DERIVATIVES  OF  THE  PARAFFIN  KETONES. 


A.  Thioketones  and  their  Sulphones. — When  hydrogen  sulphide  acts  upon 
a  cold  mixture  of  acetone  and  concentrated  hydrochloric  acid,  the  first  product  is  a 
volatile  body  with  an  exceedingly  disagreeable  odor,  which  disseminates  itself  aston¬ 
ishingly  rapidly.  It  is  probably  simple  thio-acetone,  which  has  not  been  further 
investigated.  The  final  product  of  the  reaction  is — 

/S  7C(CH3)2 

Trithioacetone,  (CH,)2C  Sf  ,  melting  at  24°,  and  boiling  at  no0 

\S _ ^C(CH3)2 

(13  mm.).  Potassium  permanganate  oxidizes  it  to — 

Trisulphone  Acetone,  [(CH3)2CS02]3,  melting  at  302°.  When  distilled  at  the 
ordinary  pressure  it  is  converted  into 

Dithioacetone,  (CH3)2C<g>C(CH3)2,  boiling  at  183-185°.  This  is  also 

formed  in  the  action  of  phosphorus  trisulphide  upon  acetone.  It  is  converted,  by 
oxidation,  into — 

Disulphone  Acetone,  [(CH3)2CS02]2,  melting  at  220-225°. 

B.  Mercaptols  and  their  Sulphones. — Although  the  ketone  derivatives  corre¬ 
sponding  to  the  acetals  can  not  be  derived  from  ketones  and  alcohols  by  the  with¬ 
drawal  of  water,  it  is  possible  to  obtain  the  mercaptols — the  ketone  derivatives  corre¬ 
sponding  to  the  mercaptals —  in  this  manner,  but  best,  however,  by  the  action  of 
hydrochloric  acid  upon  ketones  and  mercaptans : 

(CH3)2CO  +  2C2H5SH  — — — ^  (CH3)2qsc2H5)2  +  h2o. 


Like  the  mercaptals,  they  are  liquids  with  unpleasant  odor. 

Acetone  Ethyl  Mercaptol,  Dithioethyl  dimethyl  methane,  (CII3)2C(SC  2n5)2> 
boiling  at  190-191°,  may  be  prepared  from  mercaptan.  However,  to  avoid  the  very 
intolerable  odor  of  the  latter,  sodium  ethyl  thiosulphate  and  hydrochloric  acid  are 
used  (p.  153).  It  combines  with  methyl  iodide  (B.  19,  1787  ;  22,  2592).  By  t  is 
means,  from  a  series  of  simple  and  mixed  ketones,  corresponding  mercaptols  ave 
been  made,  and  in  nearly  all  instances  they  have  been  oxidized  to  the  correspon  mg 
sulphones,  some  of  which  possess  medicinal  value.  #  ,0 

Sulphonal,  Acetone  Diethyl  Sulphone ,  (CH3)2C(S02C2H5)2,  melting  at  12  > 

discovered  by  Baumann,  and  introduced  into  medicine,  as  a  very  active  s  .  *! 
producing  agent,  by  Kast  in  1888.  Acetone  mercaptol  is  oxidized  to  it  )  p 
sium  permanganate : 


(CH3)2 .  C(SC2H5)2 


40 


4-  (CH3)2C(S02C2H5)2. 


\  O'*  \  i.  0/6  \  *  '  ,  » 

Sodium  hydroxide  and  methyl  iodide  (A.  253,  147)  acting  upon  ethidene  an  y 
sulphone  (p.  204)  produce  it : 

NaOH  .  ,  cH?L_ >(CH3)2C(S02C2H5V 


CH3CH(S02C2H5)2- 


-^CH3  CNa(S02C2H5)2- 


Trional,  Methyl-ethyl  ketone-diethyl  sulphone ,  diethyl-sulphone-meth j  ^ 

methane,  cC[]3>C(S02C2H5)2,  melting  at  75°;  Tetronal, 

phone,  (C2H5)52C(S02C2H5)2,  melting  at  85°;  Propione-dimethyi  Su  p  ^ 

(C2H5)2C(S02CH3')2,  melting  at  l32°-l33°,  and  other  ‘‘ ^.dimethyl 
similarly  to  sulphonal,  and  act  in  like  manner.  However,  Ace  acts  like 

Sulphone,  (CH3)2C(S02CH3)2,  not  containing  an  ethyl  group,  no  ons 
sulphonal.  aCj3s  are 

C.  Oxysulphonic  Acids  of  the  Ketones. — The  alkali  salts  0 .^j^the  alkali°e 
the  addition  compounds  produced  by  the  union  of  the  ^ 

bisulphites,  e.  g.,  sodium  acetone-oxysulplionate,  (CH3)2C<Cq[j  ^  ' 
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5.  NITROGEN  DERIVATIVES  OF  THE  KETONES. 

A.  Nitrocompounds. — Pseudonitroh  (p.  157)  and  Mesodinitroparajjins  (p.  158) 
have  already  been  discussed  after  the  mononitroparaffins. 

B.  Ammonia  and  Acetone  (Heintz,  A.  174,  133;  198,  42). — Two  bases  result 
from  the  action  of  ammonia  upon  acetone  :  diacetonamine  and  triacetonamine. 
It  may  be  supposed  that  the  ammonia  causes  the  acetone  to  condense,  just  as  the 
alkalies  and  alkaline  earths  do,  and  that  acetone  ammonia,  an  intermediate  product, 
combines  with  the  ammonia,  or  ammonia  with  mesityl  oxide ,  to  yield  diacetonamine, 
which  by  further  treatment  with  acetone  is  changed  to  triacetonamine,  or  when  acted 
upon  by  aldehydes  passes  into  vinyldiacetonamine  (B.  17,  1788),  or  into  a  d-lactam 
through  the  agency  of  cyanacetic  ester  (B.  26,  R.  450) : 


£h8>C  =  CH .  CO .  CH3  +  NH3  =  CHS>C— CH2  •  CO .  CH3 


Mesityl  Oxide 


nh2 

Diacetonamine 


xuwuy  1  waiuc  iviatv.  Lvjiiauitue. 

CH3>C — CHj.CO.CH3  +  CO<£|*8  =  £{**>C.CH2.CO.CH3-C<£hs  +  H20 

nh2 

NH 

Diacetonamine  Triacetonamine 

CHS>C— CHj  C0  CH3  +  CHO.CH3  =  cn3>C— ch2.co.ch2.ch.ch,  +  h2o 

NH2  .... 

NH 

Vinyldiacetonamine. 

Diacetonamine  is  a  colorless  liquid,  not  very  soluble  in  water.  When  distilled 
it  decomposes  into  mesityl  oxide  and  NH3;  conversely,  mesityl  oxide  and  NH3  com¬ 
bine  to  form  diacetonamine  (B.  7,  1387).  It  reacts  strongly  alkaline  and  is  an  amide 
base,  forming  crystalline  salts  with  one  equivalent  of  acid.  If  potassium  nitrite  be 
allowed  to  act  on  the  HCl-salt,  diacetone  alcohol,  (CH3)2C(OH)  .  CIi2 .  CO  .  Cl  3, 
results;  this  loses  water  and  becomes  mesityl  oxide,  bor  the  urea  derivati\es  o 
acetone,  consult  B.  27,  377.  .  .  .  .  . ,  ,ru  , 

A  chromic  acid  mixture  oxidizes  diacetonamine  to  amidoisob^yric  acid,  (C  3;2  .  - 
C(NH2).  C02H(Propalanine),and  amidoisovaleric  acid,(CH3)2C(NH2)CH2  .  CU2tl. 

Triacetonamine  crystallizes  in  anhydrous  needles,  melting  at  39-  •  .  1  1  one 

molecule  of  water  it  forms  large  quadratic  plates,  fusing  at  58°.  It  is  animi  e  >ase 
(P-  167)  with  feeble  alkaline  reaction;  potassium  nitrite  converts  its  HCl-salt  into 
the  nitroso-amine  compound,  C9H16(NO)NO,  which  fuses  at  73  an  passes 
phorone  when  boiled  with  caustic  soda.  Hydrochloric  acid  regenerates  triaceton¬ 
amine  from  the  nitroso-derivative.  .  nH 

By  the  addition  of  2H  to  triacetonamine,  converting  the  CO  group  into 1  CH^U  , 
there  results  an  C9H19NO,  which  may  be  viewed 

piperidine.  By  the  abstraction  of  water  from  this,  the  base  Cy  17  >  g’ 

boiling  at  146°,  results.  This  approaches  tropidine,  C8IIi3N,  very  cl  >  (  > 

223n lMlJhy}7tHLtonamine  and  allied  bases  (B.  28,  R.  160)  are  formed  when  phorone 
is  treated  with  primary  amines. 

C.  Ketoximes  (V.  Meyer).— In  general,  the  ket°ximes  are  fomed 
with  greater  difficulty  than  the  aldoximes.  It  is  usually  best  to  j ipi 
the  hydroxylamine  in  a  strongly  alkaline  solution  (B  ,22,  3  ,  • 

241,  187).  They  are  also  produced  when  the  pseudonit  riles  are 
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duced  by  free  hydroxylamine  or  potassium  sulphydrate(B.  28,  1367;  29, 

87,  98).  They  are  very  similar  in  properties  to  the  aldoximes.  Acids 
resolve  them  into  their  components,  while  sodium  amalgam  and  acetic 
acid  convert  them  into  primary  amines  (p.  161).  They  are  charac¬ 
teristically  distinguished  from  the  aldoximes  by  their  deportment 
toward  acid  chlorides  or  acetic  anhydride,  yielding  in  part  acid  esters, 
and,  again,  by  the  same  reagents,  as  well  as  by  HC1  in  glacial  acetic 
acid,  being  changed  to  acid  amides  (Beckmann’s  transposition,  13.  20, 
506,  25805  compare  also  B.  24>  4OI8)  : 

CII  CH  CH3>CH  =  N0H - *  CH»  •  C0  *  NHCH‘  •  CH*  •  CHS' 

Methyl  Propyl  Ketoxime  Acetpropylamide. 


Nitrogen  tetroxide  converts  the  ketoximes  into  pseudomtrols  (p.  158). 

Ketoximes  combine  with  hydrocyanic  acid  to  form  nitriles  of  a-amidoxyl  carboxylic 
acids  (B.  29,  62). 

Acetoxime,  (CH3)2C:  NOH,  melting  at  59-60°  and  boiling  at  1350,  smells  like 
chloral.  It  dissolves  readily  in  water,  alcohol,  and  ether  (B.  20,  I5°5)* 

Hypochlorous  acid  converts  acetoxime  into  hypochlorous  ester ,  (CH3)2C:  N  .  0C1, 
a  liquid  with  an  agreeable  odor.  It  boils  at  134°.  It  explodes,  however,  when 
rapidly  heated  (B.  20,  1505). 

The  hydroxyl  hydrogen  present  in  acetoxime  may  be  replaced  by  acid  radicals 
through  the  agency  of  acid  chlorides  or  anhydrides  (B.  24,  3537)-  With  sodium 
alcoholate,  the  sodium  derivative  results,  which  yields  the  alkyl  ethers,  (CHj)a- 
C:  N  .  OR,  when  acted  upon  by  the  alkylogens.  On  boiling  these  ethers  with  acids, 
acetone  and  alkylized  hydroxylamines,  NH.2OR  (B.  16,  170),  are  produced.  The 
higher  acetoximes  show  a  perfectly  analogous  deportment. 

Methyl-ethyl-ketoxime  boils  at  152-1530.  Methyl-n-propyl  Ketoxime  is 
an  oil  with  agreeable  odor.  Methyl-isopropyl  Ketoxime  boils  at  I57"_I5^°* 
Methyl-  n  -  butyl  Ketoxime  boils  at  185°.  Methyl  tertiary  butyl  Ketoxime  melts  at  74" 
75  •  n - Butyronoxime  boils  at  190-195°.  Isobutyronoxime  melts  at  6-8°  and  boils  at 
I <81-185°.  Methylnonyl  Ketoxime  melts  at  42°.  Caprylonoxime  melts  at  20  . 
Konyloxime  melts  at  12°.  Lauronoxime ,  (CnH„,VC :  N  .  OH,  melts  at  39-40°* 
Myristonoxime,  (CnH27)2C:  N  .  OH,  melts  at  51°.  Palmitonoxime,  (C15H3,V 
O  :  N  .  Oil,  melts  at  59°.  Stearonoxime ,  (C17H35)2C :  N  .  OH,  melts  at  62-63° 

D.  Ketazines  (Curtius  and  Thun). — An  excess  of  livdrazine  acting  upon  the 
etones  produces  the  unstable,  secondary  unsymmetrical  hydrazines,  which  even  m 

tv  Crnread,1>'  ^ecome  ketazines,  quite  stable  toward  alkalies  (B.  25,  R*  8°); 

ime  v  etazine  in  contact  with  maleic  acid  changes  to  the  isomeric  trimeth) 
pyrazoline  (B.  27.  *no\  •  s 


(CHj)jC  =  N 
(CHj)2C  =  N 


N  =  CCH, 

>  I  I 

HN  CH, 

\/ 

C(CH,)r 


o-  uous  at  loo— 1720  •  Bis 
azimethylene^boiir at  l9^^^t^l^lexy^az^metbylene 

21  1 qS?utw' enylhydrazones  (E.  Fischer,  B.  16,  66l ;  17,  576;  20,  5*3* 

ketone*  ’  ThlnL  K™'5  r.esult  by  the  action  of  phenylhydrazine  upon  th 

no  longer  reduce  ^  ^ir^ine  ls  a(^e^  to  the  ketone  until  a  sample  of  the  mix  1 
SJSttTf  “««  »'«“>"•  The,  behave  like  .he  MX* 
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Acetone-phenylhydrazone,  (CH8)2C:  N21IC6H5,  melts  at  i6°  and  boils  at  165° 

^Methyl-n-propylketone-phenylhydrazone,  (CH3)(C3H7)C:  N2HC6H5,  boils 
at  205-208°  (100  mm.). 


3b.  olefine  and  diolefine  ketones. 

Such  bodies  have  been  obtained  by  the  direct  condensation  of  acetone :  mesityl 
oxide  wAphor one  (p.  214).  They  have  also  resulted  from  1,3-ketone  alcohols  by 
the  elimination  of  water. 

Ethidene  Acetone,  CH3CH  =  CH  .  CO  .  CH3,  boils  at  122°.  It  has  a  pene¬ 
trating  odor  like  that  of  crotonaldehyde.  It  is  formed  when  hydracetylacetone  (see 
this;  is  boiled  with  acetic  anhydride  (B.  25,  3166).  Heptachlorethidene  Acetone, 
CHCljCCl  =  CC1 .  CO .  CC18,  boils  at  182-185°  (I3-I5  mm.).  It  results  when 
tnchlor acety l tetrachlor acetone  is  heated  with  water  (B.  25,  2695). 

Mesityl  Oxide,  (CH8)2C  =  CH  .  CO.  CHS,  boiling  at  130°,  is  a  liquid  smelling 
like  peppermint.  Phorone,  (CH3)2C  =  CH  .  CO  .  CH  =  C(CH3)2,  melts  at  28°  and 
boils  at  196°.  These  are  formed  simultaneously  on  treating  acetone  with  dehydrating 
agents,  e.g.,  ZnCl2,  H2S04,  and  HC1.  Hydrochloric  acid  is  best  adapted  for  this 
purpose,  the  acetone  being  saturated  with  it,  while  it  is  cooled.  The  hydrochloric 
acid  addition  products,  (CH8)2CC1 .  CH2  .  COCH3  and  (CH3)2CC1 .  CH2 .  CO  .  Cl  J2 .  - 
LL1(CHj)2,  are  decomposed  by  caustic  alkalies,  and  the  mesityl  oxide  and  phorone 
en  separated  by  distillation.  When  acetone  is  condensed  by  lime  or  sodium 
et  -v  ate  there  is  produced  along  with  the  mesityl  oxide  a  cyclic  ketone  isomeric  with 
p  orone.  It  is  called  isophorone.  Camphor-phorone  is  also  isomeric  with  these 
wo  phorones.  Mesityl  oxide  combines  with  ammonia  to  diacetonamine  (p.  219), 
n  with  hydrazine  to  trimethyl  pyrazoline.  Mesityl  oxide  is  also  produced  when 
wcctme  alcohol  (see  this)  and  diacetonamine  (p.  219)  are  heated  alone;  also  to- 
ev  Cr  ,1  ace*one  when  phorone  is  heated  with  dilute  sulphuric  acid,  which 
enmally  causes  it  to  break  down  into  two  molecules  of  acetone,  as  the  result  of 
a  er  absorption  (A.  180,  1) ;  also  by  the  action  of  isobutylene  upon  acetic  anhy- 
aJ\e'n  presence  of  a  little  ZnCl2  (B.  27,  R.  942).  Mesityl  oxide  takes  up  two 
phorone  four  bromine  atoms ;  both  yield  oximes  with  hydroxylamine. 

y/f'Jy.lS^0r^.ca^' — Kane  discovered  mesityl  oxide  in  1838,  when  he  obtained  it,  togt  ther 
tj  jnesitylene,  by  the  action  of  concentrated  sulphuric  acid  on  acetone.  At  that 
e.  ®  regarded  acetone  as  alcohol,  and  called  it  mesitalcohol.  In  mesityl  oxide  and 
es;  y  ene,  Kane  thought  he  had  discovered  bodies  which  bore  the  same  relation  to 
al^k  1  a^co^°^  or  acetone  that  ethyl  ether  or  ethyl  oxide  and  ethylene  bore  to  ethyl 
oxi°d  v  Keku16  developed  the  formula  (CII3)2  .  C  =  CII .  CO .  CH3  for  mesityl 
.  e>  which  had  been  suggested  by  Claisen.  Baeyer  discovered  phorone,  and  Claisen 
Si&ned  to  h  the  formula  (CH3)2C  =  CH  .  CO  .  CH  =  C(CH3)2  (A.  180,  1). 
Methylheptenone,  (CH3)2C  =  CH  .  CH2 .  CH2  .  CO .  CH3,  boiling  at  1 7 3°, 

*n  ethereal  oils,  e.  g.,  citral,  geranium  oil,  etc.  It  is  produced  in  the 

s  illation  of  cineolic  anhydride.  It  has  been  synthesized  by  treating  the  reaction- 
product  resuiting  from  SO(iiuin  acetonylacetone  and  amylene  dibromide,  (CH8)2CBr.- 
c<l  w‘th  caustic  soda  (B.  29,  R.  590).  It  is  a  liquid  with  a  penetrating 

0r  resembling  that  of  amyl  acetate.  Potassium  permanganate  decomposes  it  into 
acetone  and  laevulinic  acid.  Zinc  chloride  converts  it  into  m-dihydroxylene  (A.  258, 
2®>  2II5.  2126).  Isoamylidene  acetone ,  (CHs)aCH  .  CH2 .  CH  =  CH- 
^  boils  at  180°  (B.  27,  R.  121). 

Diallylacetone,  CII2  =  CH  .  CH2  .  CH2 .  CO  .  CH2  .  CH2  .  CH  =  CH2,  boiling 
a  H6°  (70  mm.),  is  obtained  from  diallyl -acetone  dicarboxylic  ester  (compare 
°*etones). 

Pseudoionone  is  a  diolefine-ketone,  and  it  will  be  described  together  with  the 
olefine  terpenes. 
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4-  MONOBASIC  ACIDS. 


The  organic  acids  are  characterized  by  the  atomic  group  CO  OH 
called  carboxyl  The  hydrogen  of  this  can  be  replaced  bymetals  and 
alcohol  radicals,  forming  salts  and  esters.  These  organic  acids  may 
SO  C°Q^ared  t0  the  sulPhonic  acids,  containing  the  sulpho-group. 


The  number  of  carboxyl  groups  present  in  them  determines  their 
basicity,  and  distinguishes  them  as  mono-,  di-,  tri-basic,  etc.,  or  as 
mono  ,  di-  and  tri-carboxylic  acids  : 


CHS .  CO,H 

Acetic  Acid 
(Monobasic) 


ch2< 


co2h 

co2h 


Malonic  Acid 
(Dibasic) 


/C02H 

c3h5^-co2h 

xco2h. 

Tricarballylic  Acid. 
(Tribasic). 


^  e  can  view  the  monobasic  saturated  acids  as  combinations  of  the 
carboxyl  group  with  alcohol  radicals ;  they  are  ordinarily  termed  fatty 
acids.  1  hey  correspond  to  the  saturated  primary  alcohols  and  alde- 
mdes.  1  he  unsaturated  acids  of  the  acrylic  acid  and  propiolic  acid 
series,  corresponding  to  the  unsaturated  primary  alcohols  and  alde- 

)  es,  are  derived  from  the  fatty  acids  by  the  exit  of  two  and  four 
hydrogen  atoms. 


They  are  distinguished  as : 

A.  Paraffin  monocarboxylic  Acids,  CnH2n02,  formic  acid  or 

acid  series. 

B.  Olefine  monocarboxylic  Acids,  CnH2n_202,  oleic  or  acrylic  acid 

ben  gs. 

S:  fc propio,ic  acid 

of^th^rarh'^r  “Geneva  nomenclature”  deduces  the  names 

(P.  f lds>  just  like  the  alcohols  (p.  in),  the  aldehydes 

carbons-  thus  fG  k?tone?  (P*  2I1),  from  the  corresponding  hydro- 
[ethanicacid],^10  aCld  iS  £raethanic  acid]  and  acetic  acid  M 

hydroxyl  group ^  ^  a°'d  *S  tke  residue  in  combination  with  the 


CIIS .  CO__ 

Acetyl 


ch3.ch2.co_ 

Propionyl 


CH 

T,,  -op.onyl  “  Butyryl.  ' 

lnc  names  of  the  t  *  1  .1 

residues  are  united  hydrocarbon  residues,  which  in  the  acid 

syllable  “en”  into  thp  ,f^£en’  are  Indicated  by  the  insertion  of  the 
otT  _  mes  of  the  corresponding  alcohol  radicals: 


CH, .  CO- 


CHo 

Ethenyl 


Phenyl  ^Kop^yi  C=  CH,  .  CH2  .  CH2  .  C= 

The  group  CH=  h  •  n-Butenyl. 

hut  also  the  methine  group^’  1S  n0t  only  caIled  the  methenyl  group, 


MOXOcAS.'C  Ac  11*5. 
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r*-z-«  of  the  Derivatives  of  the  Monocarboxylic  Acias. 
—  iimaam  cf  bodies  can  be  drived  by  changes  in  the  car¬ 

ter]  puss*,  in  aiaectau  with  the  fany  acics  mendon  will  only 
ic  vsaU of  she  iadr.  The  other  classes  of  deiivairres  will  be  ccn- 
air&i  £  ^  after  die  any  adds.  They  are : 

:  ~zrz  dLcn  resrlnnr  frcm  the  replacement  of  hydrogen  in  die 
csfcri  peep  by  alccfeci  radicals  (p.  253}- 

r  Ths  'Jkjriia  Tunmvis  -  iodides}.  "S' inch  are  compounds  01 
he  acd  raexais  wim  the  halogens. 

*  Tre  adf  smkjdriia  p.  239),  compemds  o!  me  acid  radicals 

w±  tayren. 

(4)  The  id/  pBTvxizcs  [p.  361). 

3  Tfedwcd/r  p_  c5i  .  coo^potmds  of  the  acid  radicals  with 
t  Thi  mad  (p_  262),.  compounds  of  the  acid  radicals  with 

XHj. 

(j  Thr  <di  •zirilts  (p.  266). 

Hsace  acetic  acid  yields  the  following: 

1  13,.  CO,.  OH,  2.  CHj.COa  3.  (CH,.C0),O 

A:**~r-  Atstt-  CSuacidc  Arenc  Animif>5e 


4.  CH,.  001,0, 

Ac«t.  PHOTije 


>  vH,-CQ5H 

Tsacsiar . 


6.  CH^COXH, 


7.  CH,.Of 

Ai«a«sriie. 


■ii  ~re  »di  dslcads.  w4a  «— V-^a  ir>d  ddks  sre :  c~~is  Its 

~  "r-  »  r  n«.v  ~r '■  idt  3dS  :  ir  mku -  >  cklerida  re  2r*S  :  II 


r!7  >  -  5  i- 

F  ;  15 


cLjwids:  p.  r»i  ;  13 

'  f  P-  269!;  {13I 

"  (F  *7°);  I16) 


ciSerizrs  ,p-  20S  :  ^ll)  umid* 
CP-  2?o)  ;  114)  krsrjx-  - 
(P-27i> 


9.  CH,.OCl,.XH, 


V.T>»-r 


XH, 

IiCH*  ^ 

TlaoAceUJBide 

/NO» 

*5-  OH,-  C- 

^XOH 

Eiirrl  Naxolie  Acid 

fr-  *SS) 


IOL  OL.CarXH 

Acetrsiii-e  Chipnde 
(tssab}e» 

P™, 

■>  CH»-%NH 

Acer*ss*i:i>e 

^XH, 

lo.  CH,.C< 

^X-OH 

A«:imilai:ia<. 


,  3  - —  Qeirar.ves  are  also  obtained  bv  the  replacement  of  the 

‘?'~r-cei  nics  in  the  radical  combined  with  hydroxyl  by  other 
CJt  gr^'nps.  Only  the  kaizen  /raAfft  will  be  de- 

Wiifa&l  wrier  the  fatty  ar«<k,  after  the  discussion  of  the  various  classes 
in  the  preceding  paragraphs. 

_The  fartr  acids  can  be  recovered  from  all  of  the  above  classes  ol 
<*riv2T3Tes  by  simple  reactions. 

“  *  already  been  indicated,  nnder  the  oxygen  derivatives  of  the 
airfare  hydrocarbons,  that  aldehydes,  ketonesT  and  carboxylic  acids 
gpy  te  considered  as  anhvdrides  of  non-existing  diacid  or  triacid 
tn  which  the  h vdroxyl  groups  are  attached  to  the  same 
tar‘c®  aroni  (p.  log).  In  thi*  exposition  the  alcohols  and  ketones 
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were  especially  recalled,  because  there  were,  for  example,  under  the 
acetals  (p.  200)  and  under  the  orthoketone  alkyl  ethers  (p.  217),  ethers 
of  just  such  glycols  or  ortho-aldehydes,  non-existent  ordinarily  in  the 
free  state,  and  of  orthoketones,  while  chloral  hydrate  itself  was  such 
a  glycol. 

The  trihydric  alcohols,  corresponding  to  the  carboxylic  acids,  can 
not  exist,  but  ethers  of  them  are  known.  The  hypothetical,  trihydric 
alcohols,  of  which  the  carbonic  acids  may  be  considered  anhydrides, 
have  been  called  ortho  acids ,  suggesting  tribasic  phosphoric  acid  as 
orthophosphoric  acid  (A.  139,  114;  J.  (1859)  152;  B.  2,  1 1 5).  This 
designation  has  also  been  conveyed  to  the  orthoaldehydes  and  ortho¬ 
ketones. 

It  is  customary  to  speak  of  “hypothetical  orthoformic  acid”  and 
of  “orthoformic  esters,”  the  esters  of  tribasic  formic  acid,  of  formic 
acid , — which,  in  reference  to  the  relation  of  orthophosphoric  to  meta- 
phosphoric  acid,  PO(OOH),  might  be  termed  mctaformic  acid, — and 
of  formic  acid  esters : 


.OH 

HC—OH 

\OH 

Orthoformic  Acid 


/OC,h5 
HC— OCjH5 

\oc,h5 

Orthoformic  Ethyl 
Ester 


.OH 

CH< 

Formic  Acid 


CH 


^O 


Formic  Ethyl 
Ester. 


The  chloride ,  bromide,  and  iodide  corresponding  to  orthoformic  acid 
are  chloroform,  bromoform,  and  iodoform. 

It  is  only  in  the  case  of  formic  acid  that  the  ortho-acid  derivatives 
require  a  special  designation.  They  will  be  discussed  immediately 
following  the  derivatives  of  the  ordinary  formic  acid. 


A.  MONOBASIC  SATURATED  ACIDS,  PARAFFIN  MONO- 

CARBOXYLIC  ACIDS, 

CnHSn+i .  COjH. 

Formic  acid,  H .  COOH,  is  the  first  member  of  this  series.  H|e 
radical  HCO,  in  union  with  hydroxyl,  is  called  formyl.  This  acid  is 
distinguished  trom  all  its  homologues  and  the  unsaturated  monocar- 
boxylic  acids,  in  that  it  manifests  not  only  the  character  of  a  mono¬ 
basic  acid,  but  also  that  of  an  aldehyde.  To  express  in  a  name  its 
aldehyde  character  the  acid  might  be  designated  oxyfortnaldehyde , 

HO.cfH- 


n u rw  v ^TCal  fta?dPolnt>  tins  acid  stands  closer  to  glyoxylic  acid 
L  ^see  dus)  than  to  acetic  acid.  Therefore,  formic  acid 

and  its  derivatives  will  be  treated  before  acetic  acid  and  its  homo¬ 
logues  are  discussed. 


ORMIC  ACID  AND  ITS  DERIVATIVES. 

acid  from°icetic  add  and^/lf  chfracter  which  distinguishes  formic 
^chloride  and  anhldHH^  homologues,  but  it  is  also  the  absence  of 
'  corresponding  to  acetyl  chloride  (see  this) 


fO ifflC  ACD  AKD  ns  DERIVATIVES. 


2*5 


.  -  Vp  this')  The  withdrawal  of  water  from 
Lrfert*  monoxide;  thfais  a 

l£4jxk>o  bv  none  of  the  higher  homolognea.  P.  -*“-c 

:he  nitrile  of  formic  acid,  has  an  add  nature. 
^  •^4  Site  & 1  the  indifferent  nitriles  of  the  homologous 
Sk  Fcnnlc  acid  is  twelve  times  stronger  than  acetic  acid.  The 
*T  consent s  from  the  electric  conductivity  show  this  (Ostwalu ). 
Toionaic  arid  will  be  appended  carbon  monoxide,  and  its  mtrogen- 
containing  derivatives,  the  isonitriks  or  carby  famines,  C  =  N  R .  and 

adL 

Formic  Acid,  HCO .  OH  ( Acidum  formicum ),  is  tound  free  in 
au.  in  the  case-worm  of  Bombyx  processioma,  in  stinging  nettles, 
ia  shoots  of  the  t-ine,  in  various  animal  secretions  (perspiration),  and 
■ay  be  obtained  from  these  substances  by  distilling  them  with  water. 
It  is  produced  artificially  according  to  the  usual  methods : 

(1)  By  the  oxidation  of  methyl  alcohol  and  formaldehyde : 


H.CHjOH 


-^H.CHO 


-V  H _  CO-H. 


2)  By  heating  hydrocyanic  acid  with  alkalies  or  acids : 


HCN  +  2HjO  =  HCO .  OH  +  NH,. 

(3)  By  boiling  chloroform  with  alcoholic  potash  (Dumas) : 

CHC1,  J-  4KOH  =  HCO .  OK  +  3KCI  +  2H.O. 

4)  From  ciloral  and  (O  from  propargvlic  aldehvde  (p.  200)  and 
potash  (Liebig) : 

CCl,.  CHO  -f  NaOH  =  HCOOXa  -j-  HCC1,- 

-  °rihy  of  mention  is  (6)  the  direct  production  of  formates  by  the 
h  " 01  upon  concentrated  potash  at  ioo°.  The  reaction  occurs 
easily  if  soda-lime  at  2000— 220°  (Berthelot,  A.  97,  125  ;  Geu- 
r’  2°2j  3*7  J  Merz  and  Tibiri^a,  B.  13,  718)  be  employed  : 


CO  +  NaOH  =  HCO .  ON  a. 

By  action  of  acids  upon  isocyanides  or  carbylamines  (p.  237)  : 
CN .  C,H5  +  aHjO  =  H  .  CO,H  +  C,HSN'H,. 

(8)  From  fulminic  acid  by  means  of  concentrated  hydrochloric  acid 
Ic,nnyl  chloridoxime,  p.  233).  Hydroxylamine  is  formed  simul- 


C  =  N .  OH  +  2H,0  +  HQ  =  H .  CO,H  +  NH,OH  .  HC1. 

(9)  By  letting  moist  carbon  dioxide  act  upon  potassium : 

3CO,  -f  4K  +  H,0  =  2HCO  .  OK  +  CO,K,  (Kolbe  and  Schmitt,  A.  119,  251). 

Formates  are  also  produced  in  the  action  of  sodium  amalgam  upon  a  concentrated 
^ueous  ammonium  carbonate  solution,  or  with  the  same  reagent  upon  aqueous  pri¬ 
ory  carbonates ;  likewise  on  boiling  zinc  carbonate  with  caustic  potash  and  zinc 
dust. 
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(io)  The  most  practical  method  of  preparing  formic  acid  consists 
in  heating  oxalic  acid.  This  decomposition  is  accelerated  by  the 
presence  of  glycerol  (Berthelot). 

Oxalic  acid  treated  alone  decomposes  into  carbon  dioxide  and  formic  acid,  or 
carbon  monoxide  and  water ;  the  latter  decomposition  preponderates  : 

COOH  IIC02H  -(-  C02 

iooH  ^  CO  -j-  H20  “l-  co2. 

When,  however,  (C204H2  2H20)  is  added  to  moist  concentrated  glycerol  and 

the  whole  heated  to  ioo-lio0,  oxalic  acid  parts  with  its  water  of  crystallization 
and  unites  with  the  glycerol  to  form  glycerol  formic  ester  : 

(OH  (OH 

C.H.  \  OH  +  C2O.H2  =  CsH5  \  OH  +  C02  -f  H20. 

(OH  (.0 .  COH 

On  further  addition  of  crystallized  oxalic  acid  the  latter  again  breaks  up  into  anhy¬ 
drous  acid  and  water,  which  converts  the  glycerol  formic  ester  into  glycerol  and 
formic  acid : 

CsH5(OH)2  .  (O .  CHO)  +  H20  =  C3H5(OH)3  +  CHO .  OH. 

At  first  the  acid  is  very  dilute,  but  later  it  reaches  56  per  cent.  If  anhydrous 
acid  be  employed  at  the  beginning,  a  95-98  per  cent,  formic  acid  is  produced. 

To  obtain  anhydrous  acid,  the  aqueous  product  is  boiled  with  lead  oxide  or  lead 
carbonate.  The  lead  formate  is  then  decomposed,  at  ioo°,  by  a  current  of  hydrogen 
sulphide.  Or,  formic  acid  of  high  percentage  is  dehydrated  by  means  of  boric  acid 
(B.  14,  1709). 


Formic  acid  is  a  mobile  liquid  with  a  specific  gravity  of  1.22  at  20° 
and  boils  at  100. 6°  (760  mm.).  It  becomes  crystalline  at  o°,  and 
fuses  at  -j-  8.6°.  It  has  a  pungent  odor  and  causes  blisters  on  the 
skin.  It  mixes  in  all  proportions  with  water,  alcohol  and  ether,  and 
yields  the  hydrate  4CH202  -j-  3H20,  which  boils  at  107.  i°  (760  mm.) 
and  dissociates  into  formic  acid  and  water.  Concentrated,  hot  su  - 
phuric  acid  decomposes  formic  acid  into  carbon  monoxide  and  water. 
A  temperature  of  160°  suffices  to  break  up  the  acid  into  carbon  dioxide 
and  hydrogen.  The  same  change  may  occur  at  ordinary  temperatures 
by  the  action  of  pulverulent  rhodium,  iridium  and  ruthenium,  but  ess 
readily  when  platinum  sponge  is  employed. 

According  to  its  structure  formic  acid  is  also  an  aldehyde,  as  it  con 
tains  the  group  CHO ;  this  would  account  for  its  reducing  proper  >  > 
its  ability  to  precipitate  silver  from  a  hot  neutral  solution  of  si 
nitrate,  and  mercury  from  mercuric  nitrate,  the  acid  itself  oxi  1211  ~ 
to  carbon  dioxide : 


urk  r/n  0  .OH 

H0' %o  - - ^  H0 ’ c\  - ^  C°2  + 

.  Pormates,  excepting  the  sparingly  soluble  lead  and  silver  salts,  are 
m  water.  Lead  formate,  (HC02)2Pb,  crystallizes  in  beautiful  needles 
in  30  parts  of  cold  water.  Silver  formate,  HCOaAg,  rapidly  blackens 


h2o. 


readily  sotajjj 
and  dissolve* 
on  expos'** 
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Decomposition  of  Formates.— X.  The  alkali  salts,  heated  carefully  to  2  <50°  become 
oxalates  with  evolution  of  hydrogen  :  * 

CO.  OK 

2CHO  .  OK  =  J  +  Hr 

CO.  OK 

2  By  ignition  of  potassium  formate  with  an  excess  of  alkali  it  decomposes  with 
the  formation  of  a  carbonate  and  the  liberation  of  pure  hydrogen ,  H  .  COaK  -f  KOH 

=  K2C03  -f~  h2.  9  2 

3.  The  ammonium  salt,  heated  to  230°,  passes  into  formamide : 

H.C02NH4  — ~H2°  H.CONH,. 

230°  2 

4.  The  silver  salt  and  mercury  salt,  when  heated,  decompose  into  metal,  carbon 
dioxide  and  formic  acid : 

2CH02Ag  =  2Ag  +  C02  +  H  .  C02H. 

5.  The  calcium  salt,  when  heated  with  the  calcium  salts  of  higher  fatty  acids  yields 
aldehydes  (p.  1 88). 

Monochlorformic  acid,  CCIO .  OH,  is  regarded  as  chlor-carbonic  acid.  It  will 
be  discussed  after  carbonic  acid. 

Esters  of  Formic  Acid. — Liquids  with  an  agreeable  odor.  They 
are  prepared  from  (i)  formic  acid,  alcohol  and  hydrochloric  or  sul¬ 
phuric  acid ;  (2)  from  sodium  formate  and  alkyl  sulphates ;  (3)  from 
glycerol,  oxalic  acid  and  alcohols. 

Methyl  Formic  Ester  boils  at  32.50.  Perchlor-methyl  formic  ester, 
CC102.  CXlj,  boils  at  180-185°.  Heated  to  305°  it  breaks  up  into  carbonyl  chloride, 
C2C1402  =  2C0C12.  Aluminium  chloride  converts  it  into  CC14  and  C02. 

Ethyl  Formic  Ester  boils  at  54. 40. 

1  his  ester  serves  in  the  manufacture  of  artificial  rum  and  arrack,  and  for  the  union 
of  the  formyl  group  with  organic  radicals  (see  formyl  acetone,  etc.). 

The  n -propyl  ester  boils  at  8l°.  The  n -butyl  ester  boils  at  107°.  For  higher  esters 
consult  A.  233,  253. 

The  ally l  ester  boils  at  82-83°. 

Formamide,  CHO  .  NH2,  the  amide  of  formic  acid  (compare  acid 
amides)  is  obtained  (1)  by  heating  ammonium  formate  to  230°  (B.  12, 
973  }  15?  980),  or  (2)  ethyl  formic  ester  with  alcoholic  ammonia  to 
l00° }  (3)  by  boiling  formic  acid  with  ammonium  sulphocyanide  (B. 
16,  2291).  It  is  a  liquid,  readily  soluble  in  water  and  alcohol,  and 
boils  with  partial  decomposition  at  i92°-i95°.  Heated  rapidly  it  breaks 
UP  into  CO  and  NH3;  P2Os  liberates  HCN  from  it.  It  combines  with 
chloral  (p.  197)  to  form  chloral  formamide,  CC13 .  CH(OH)NHCHO, 
melting  at  114-115°,  and  finding  use  as  a  narcotic. 

Mercuric  oxide  dissolves  in  it  with  the  formation  of  mercury  formamide,  (CHO .  - 
.  B)2Hg.  This  is  a  feebly  alkaline  liquid,  sometimes  applied  as  a  subcutaneous 

injection.  3 

1  Ethyl  Formamide,  CHO .  NH  .  C2H5,  is  obtained  from  ethyl  formic  ester;  also 
y  distilling  a  mixture  of  ethylamine  with  chloral  : 

CC13 .  CHO  +  NHa .  C2H6  =  CHO .  NH  .  C2H5  +  CC1,H. 

It  boils  at  1 99°. 
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Allyl Formamide  boils  at  109°  (15  mm.)  (B.  28,  1666). 

Formyl  Hydrazine,  HCONHNH.,,  melting  at  540,  is  obtained  from 
formic  ester  and  hydrazine.  It  yields  triazole  (B.  27,  R.  801 'I  when 
heated  with  formamide. 

Diformyl  Hydrazine,  HCONH  .  NH  .  COH,  melting  at  1060,  is  ob¬ 
tained  from  an  excess  of  formic  ester  and  hydrazine,  heated  to  130° 
(B.  28,  R.  242).  Its  lead  salt  and  ethyl  iodide  yield  Diformyl  Diethyl- 
hydrazine  (B.  27 ,  2278).  "  J 

Hydrocyanic  Acid,  Prussic  Acid,  Formonitrile,  CNH,  the 
nitrile  of  formic  acid  (see  acid  nitriles),  is  a  powerful  poison.  It 
occurs  tree  in  an  accumulated  condition  in  all  parts  of  the  Java  tree 
Pangium  edule  (B.  23,  3548).  It  is  obtained  (1)  from  amygdalin  (see 
this),  a  glucoside  contained  in  bitter  almonds,  which,  under  favorable 
conditions,  takes  up  water  and  breaks  down  into  prussic  acid ,  grape 
sugar,  and  bitter  ahnond  oil  or  benzaldehyde  (Liebig  and  Wohler,  A. 
22,  1).  An  aqueous  solution,  thus  obtained,  containing  very  little 
hydrocyanic  acid,  constitutes  the  officinal  aqua  amygdalarum  amar- 
arum;  its  active  ingredient  is  prussic  acid.  (2)  By  the  action  of  phos¬ 
phorus  pentoxide  upon  formamide ;  (3)  synthetically,  by  passing  the 
electric  spark  through  a  mixture  of  acetylene  and  nitrogen  (Berthelot); 
(4)  from  cyanogen  and  hydrogen  under  the  influence  of  the  silent 
electric  discharge ;  (5)  when  chloroform  is  heated,  under  pressure, 
with  ammonia;  (6)  upon  boiling  formoxime  (p.  206)  with  water: 


2. 

3- 

4- 

5- 
6. 


C20H27NO 

Amygdalin 

HCONH, 
CHEECH 
CN.  CN 
HCCI 


11  +  2H20  =  CNH  +  C6H5CHO  +  2C6H1206 

Benzaldehyde  Grape  Sugar. 

P2O6 


- CNH  +  H,0 

+  N2  =  2CNH 
+  H2  =  2CNH 


_  T  3  +  5NH3=  CNNH.  +  3NH.CI 

H2C  =  N .  OH  =  CNH  +  HjO. 


Hydrogen  cyanide  is  prepared  from  metallic  cyanides,  particularly 
yellow  prussiate  of  potash  or  potassium  ferrocyanide,  by  the  action  of 
dilute  sulphuric  acid  : 


2Fe(CN)6K4  +  3S04H2  =  Fe2(CN)6K2  +  3S04K2  +  6CNH. 

aqueous  prussic  acid  obtained  in  this  way  is  dehydrated  by 
distillation  over  calcium  chloride  or  phosphorus  pentoxide. 


Historical.— discovered  prussic  acid  in  1782.  Gay-Lussac,  in 
aine  1  an  ly  rous,  in  the  course  of  his  memorable  investigations  upon  the  ra  1  . 
cyanogen.  n  hydrogen  cyanide  he  recognized  the  hydrogen  derivative  of  a  rac  a  > 
consisting  of  carbon  and  nitrogen,  for  which  he  suggested  the  name  cyanogen 
{Kvavog,  blue ,  yevvau,  to  produce) 


Properties.  Anhydrous  hydrocyanic  acid  is  a  mobile  liquid? 
specific  gravity  0.697  180,  and  becomes  a  crystalline  solid  at  *5  .j 

t  boils  at  -(-26.5°.  Its  odor  is  peculiar,  and  resembles  that  o 
of  bitter  almonds.  The  acid  is  extremely  poisonous. 
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It  is  a  feeble  acid,  and  imparts  a  faint  red  color  to  blue  litmus. 
Carbon  dioxide  decomposes  its  alkali  salts.  Like  the  haloid  acids,  it 
reacts  with  metallic  oxides,  producing  metallic  cyanides.  From  solu¬ 
tions  of  silver  nitrate  it  precipitates  silver  cyanide,  a  white,  curdy 
precipitate. 

Transpositions . — (1)  The  aqueous  acid  decomposes  readily  upon 
standing,  yielding  ammonium  formate  and  brown  substances.  The 
presence  of  a  very  slight  quantity  of  stronger  acid  renders  it  more 
stable.  When  warmed  with  alkalies  or  mineral  acids  it  breaks  up 
into  formic  acid  and  ammonia : 

CNH  +  2HaO  =  CHO .  OH  -f  NH,. 

(2)  Dry  prussic  acid  combines  directly  with  the  gaseous  halogen 
hydrides  (p.  232)  to  form  crystalline  compounds.  With  hydrochloric 
acid  it  probably  yields  Formimide  chloride ,  (H  .  CC1  =  NH),HC1 
(B*  16,  352).  The  acid  also  unites  with  some  metallic  chlorides, 

g,  Fe2Cl6,  SbCl5. 

(3)  Nascent  hydrogen  (zinc  and  hydrochloric  acid)  reduces  it  to 
methylamine  (p.  162). 

(4)  When  hydrogen  cyanide  unites  with  aldehydes  and  ketones,  the 
double  union  between  carbon  and  oxygen  in  the  latter  compounds  is 
severed,  and  cyanhydrins,  the  nitriles  of  a  oxyacids,  are  produced, 
these,  by  this  means,  are  obtained  by  a  nucleus  synthesis.  This  rather 
important  synthesis  has  become  especially  interesting  for  the  up¬ 
building  of  the  aldoses,  to  which  class  of  derivatives  grape-sugar 
belongs. 

(5)  Prussic  acid,  or  potassium  cyanide,  adds  itself  to  many  a/3-unsat- 

urated  carboxylic  acids,  producing  thereby  saturated  nitrilo  carboxylic 
ac.ds  (A.  293,  338).  .  . 

^or  further  addition  reactions  of  prussic  acid,  compare  formimido 
ether  (p.  232)  and  isouretine  (p.  233). 

Constittition. — The  production  of  prussic  acid  from  formamide  on  the  one  side, 
and  its  reconversion  into  ammonium  formate,  are  proofs  positive  of  its  being  the 
nitrile  of  formic  acid  (see  acid  nitriles).  Its  formation  from  chloroform  and  from 
acctylene  argue  also  for  the  formula  II.C=N.  The  replacement  of  hydrogen, 
combined  with  carbon,  by  metals  is  shown  also  by  acetylene  (p.  97)  and  other  car¬ 
bon  compounds  containing  negative  groups,  e.  g. ,  the  nitro- ethanes  (p.  154)*  #  How¬ 
ler,  on  replacing  the  metal  atoms  in  the  salts  by  alkyls,  two  classes  of  derivatives 
are  obtained.  The  one  series  has  the  alkyls  united  to  carbon,  as  required  by  the 
formula  H  .  C=N  :  nitriles  of  monocarboxylic  acids,  e.  g CIIS.  CN.  In  the  other 
class  the  alkyls  are  joined  to  nitrogen  :  isonitriles  or  carbylamines ,  e.g .,  C  =  N .  CHS. 
The  latter  are  nitrogen-containing  derivatives  of  carbon  monoxide ,  and  will  be  dis¬ 
cussed  after  this  body.  In  many  respects  the  deportment  of  prussic  acid  recalls 
that  of  the  isonitriles,  hence  in  recent  years  the  formula  HN  =  C  has  also  been 
brought  forward  for  it,  and  many  of  the  reactions  of  potassium  cyanide  conform 
better  with  the  isonitrile  formula,  K  .  N  =  C,  than  with  K. .  C=N,  the  formula  usually 
assigned  to  this  salt  (A.  287,  263).  The  formation  of  acetonitule  from  prussic  acid 
and  diazomethane  argues  for  the  nitrile  formula  of  hydrogen  cyanide  (B.  28,  S57). 

Detection. _ To  detect  small  quantities  of  free  prussic  acid  or  its  soluble  salts, 

saturate  the  solution  under  examination  with  caustic  potash,  add  a  solution  of  a 
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ferrous  salt,  containing  some  ferric  salt,  and  boil  for  a  short  time.  Add  hydrochloric 
acid  to  dissolve  the  precipitated  iron  oxides  If  any  insoluble  Prussian  blue  should 
remain,  it  would  indicate  the  presence  of  hydrocyanic  acid  The  following  reaction 
is  more  sensitive.  A  few  drops  of  yellow  ammonium  sulphide  are  added  to  the 
prussic  acid  solution,  and  this  then  evaporated  to  dryness.  Ammonium  sulpho- 
cyanide  will  remain,  and  if  added  to  a  ferric  salt,  will  color  it  a  deep  red. 

Polymerization  of  Prussic  Acid.— When  the  aqueous  acid  stands  for  some  time 
in  contact  with  caustic  alkalies,  or  with  alkaline  carbonates,  or  if  prussic  acid  made 
from  the  anhydrous  acid  be  mixed  with  a  small  piece  of  potassium  cyanide,  not  only 
brown  substances  separate,  but  also  white  crystals,  soluble  in  ether,  and  having  the 
same  percentage  composition  as  hydrocyanic  acid.  Inasmuch  as  they  break  down, 
on  boiling,  into  glycocoll,  NH2.  CH2  .  C02H,  carbon  dioxide  and  ammonia,  they  are 
assumed  to  be  the  nitrile  of  amidomalonic  acid ,  (CN)2CHNH2  (B.  7,  767).  They 
decompose  at  180°,  wiih  explosion  and  partial  reformation  of  prussic  acid. 


Salts  of  Hydrocyanic  Acid. — Cyanides  and  Double  Cyanides 

_ The  importance  of  the  cyanides  and  double  cyanides  in  analytical 

chemistry  explains  the  reason  for  the  discussion  of  prussic  acid  and  its 
salts  in  inorganic  text-books.  In  organic  chemistry  the  metallic 
cyanides  serve  for  the  introduction  of  the  cyanogen  group  into  carbon 
compounds  (compare  acid  nitriles ,  a-ketonic  acids,  etc.). 

The  alkali  cyanides  may  be  formed  by  the  direct  action  of  these 
metals  upon  cyanogen  gas ;  thus,  potassium  burns  with  a  red  flame  in 
cyanogen,  at  the  same  time  yielding  potassium  cyanide,  C2N2  -f-  K2  = 
2CNK.  They  are  also  produced  when  nitrogenous  organic  substances 
are  heated  together  with  alkali  metals.  The  strongly  basic  metals 
dissolve  in  hydrocyanic  acid,  forming  cyanides.  A  more  common 
procedure  is  to  act  with  the  acid  upon  metallic  oxides  and  hydroxides: 

CNH  +  KOH  =  CNK  +  H20 ;  2CNH  +  HgO  =  Hg(CN)2  -f-  II20. 

The  insoluble  cyanides  of  the  heavy  metals  are  obtained  by  the  double 
decomposition  of  the  metallic  salts  with  potassium  cyanide. 

The  cyanides  of  the  light  metals,  especially  the  alkali  and  alkaline 
earths,  are  easily  soluble  in  water,  react  alkaline,  and  are  decomposed 
by  acids,  even  carbon  dioxide,  with  elimination  of  hydrogen  cyanide; 
yet  they  are  very  stable,  even  at  a  red  heat,  and  sustain  no  change. 
The  cyanides  of  the  heavy  metals,  however,  are  mostly  insoluble,  an 
are  only  decomposed,  or  not  at  all,  by  the  strong  acids.  When  ignite  , 
the  cyanides  of  the  noble  metals  suffer  decomposition,  breaking  UP 
into  cyanogen  gas  and  metals.  •  •  . 

1  he  following  simple  cyanides  are  especially  important  in  organic 
chemistry : 

Potassium  Cyanide,  CNK.— Consult  v.  Richter’s  “Inorganic 
Chemistry”  for  method  of  preparation,  properties,  and  technica  aP 
plications  of  this  salt. 

Its  aqueous  or  alcoholic  solution  becomes  brown  in  color  on  exposure  to  ^y^ 
it  decomposes  rapidly,  on  boiling,  into  potassium  formate  and  ammonia.  ^ 
fused  in  the.  air,  as  well  as  with  easily  reducible  metallic  oxides,  the  sa  t  a  of 
oxygen  and  is  converted  into  potassium  isocyanate  (see  this).  When  acid  ia  noUots 
alkyl  sulphates  are  heated  with  potassium  cyanide,  acid  nitriles  with  varying  1  sUbsti- 
of  isomeric  carbylamines  or  isonitriles  are  produced.  Many  organic  halogen 
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•  „  nrodacts  are  transposed  into  nitriles  through  the  agency  of  potassium  cyanide. 
Fthri  hvpochlorite  and  potassium  cyanide  yield  cyanimidocarbomc  ester  a  reaction 
.hi'h  ar^  for  the  isonitrile  formula  of  potassium  cyanide  (A.  287,  274 )•  . 

Ammonium  Cyanide,  NH4CN,  is  formed  by  the  direct  union  of  CNH  with 
ammonia  by  heating  carbon  in  ammonia  gas,  by  the  action  of  ammonia  upon  chloro¬ 
form  (0/228).  by  the  action  of  the  silent  electric  discharge  upon  methane  and 
niir  /gen,  and  by  conducting  carbon  monoxide  and  ammonia  through  red-hot  tubes. 
It  u  best  prepared  by  subliming  a  mixture  of  potassium  cyanide  or  dry  ferrocyanide 
with  ammonium  chloride.  It  consists  of  colorless  cubes,  easily  soluble  in  alcohol, 
and  subliming  at  40°,  with  partial  decomposition  into  XHS  and  CNH.  When  pre¬ 
served  it  becomes  dark  in  color  and  decomposes.  It  yields  methylene  amido-aceto- 
nitrile  (compare  glycocoll). 

Mercuric  Cyanide,  Hg(CN)2,  is  obtained  by  dissolving  mercuric  oxide  in  hydro¬ 
cyanic  acid,  or  by  boiling  Prussian  blue  (8  parts)  and  mercuric  oxide  ( I  part)  with 
waer  until  the  blue  coloration  disappears.  It  dissolves  readily  in  hot  water  (in  8 
parts  cold  water),  and  crystallizes  in  bright,  shining,  quadratic  prisms.  When  heated 
it  yields  cyanogen  and  mercury.  It  forms  acetyl  cyanide  with  acetyl  chloride  (see 
pyroracemic  arid). 

Silver  Cyanide,  AgCN,  combines  with  alkyl  iodides  to  yield  addition  products, 
which  pass  into  isonitrile  when  they  are  heated  (p.  236). 


The  chief  use  of  potassium  cyanide  is  in  the  preparation  of  acid 
nitriles  of  various  kinds.  This  is  done  by  bringing  it  into  double 
decompositions  with  alkylogens,  alkyl  sulphates,  and  halogen  substitu¬ 
tion  products  of  the  fatty  acids.  In  many  instances  mercury  cyanide 
or  silver  cyanide  is  preferable,  e.g.,  in  the  formation  of  a-ketonic 
nitriles  from  acid  chlorides  or  bromides.  It  is  interesting  to  note  that 
}  the  interaction  of  alkyl  iodides  and  silver  cyanide  isonitriles  or 
caroylamines  are  formed ;  in  them  the  alcohol  radical  is  joined  to 
oitrogen.  (See  page  237  for  the  explanation.) 

Metallic  Cyanides. — The  cyanides  of  the  heavy  metals  insoluble  in 
f.  dissolve  in  aqueous  potassium  cyanide,  forming  crystallizable  double  cyanides, 
cn  are  soluble  in  water.  Most  of  these  compounds  behave  like  double  salts. 
C1  .s  decompose  them  in  the  cold,  with  disengagement  of  hydrocyanic  acid  and  the 
precipitation  of  the  insoluble  cyanides : 

AgCN  .  KCN  +  HNOa  =  AgCN  +  KNOa  +  CNH. 

In  others,  however,  the  metal  is  in  more  intimate  union  with  the 
c)anogen  group,  and  the  metals  in  these  cannot  be  detected  by  the 
Usual  reagents.  Iron,  cobalt,  platinum,  also  chromium  and  man¬ 
ganese  in  their  ic  state,  form  cyanogen  derivatives  of  this  class.  The 
stronger  acids  do  not  eliminate  prussic  acid  from  them,  even  in  the 
cold,  but  hydrogen  acids  are  set  free,  and  these  are  capable  of  pro¬ 
ducing  salts : 

Fe(CN)6K4  +  4HCI  =  Fe(CN)6H4  +  4KCI. 

Potassium  Ferrocyanide  Hydroferrocyanic  Acid. 

Many  chemists  refer  these  complex  metallic  acids  to  hypothetical, 
polymeric  prussic  acids : 

II — C=N  H — C=N — C  _ H 

II  I  ll 

N=C_H  N=CH-N 

Di-hydiocyanic  Acid  Tri-hydrocyanic  Acid. 


ORGANIC  CHEMISTRY. 


232 


C,N,K 

c,n,k 


II 


C^.K, 

Fe<C3N,.K2 


Potassio-platinum 

Cyanide 


Potassium 

Ferrocyanide 


n^N,.K 

XC,X, .  K, 
Potassium 
Ferricyanide. 


The  most  important  compound  metallic  cyanides,  particularly  potas¬ 
sium  ferrocyanide  or  yellow  prnssiate  of  potash,  the  starting-out  sub¬ 
stance  for  the  preparation  of  cyanogen  derivatives,  have  already 
received  attention  in  inorganic  chemistry. 


Sodium  Nitroprusside,  Fe(CN)3(XO)Na,  -f  2H20. — Hydro- 
nitro-prussic  acid,  whose  constitution  has  not  yet  been  determined 
(B.  29,  R.  409),  is  formed  when  nitric  acid  acts  upon  potassium  ferro¬ 
cyanide.  The  filtrate  from  the  saltpetre,  neutralized  with  sodium  car¬ 
bonate,  yields  the  salt  in  beautiful  red  rhombic  prisms,  readily  soluble 
in  water. 

It  serves  as  a  very  delicate  reagent  for  alkaline  sulphides  and  hy¬ 
drogen  sulphide,  which  give  with  it  an  intense  violet  coloration. 

Formimido-ether ,  formhydroxamic  acid ,  formylchloridoxime ,  formamidim ,  thio- 
formethylimide,  and  formamidoxhne  are  intimately  related  to  prussic  acid  and 
formamide.  They  are  representatives  of  groups  of  bodies  which  appear  also  with 
acetic  acid  and  its  homologues. 

.O.C2H5 

The  jormimido-ethers,  such  as  HC^  ,  are  only  known  in  their  salts. 

^NH 

They  are  obtained  from  CXH,  alcohol  and  HC1  (B.  16,  354,  1644) : 


/NH.  HC1 

HC=X  -f  CjH5.  OH  +  HC1  =  HC< 

^O.C2H5. 

Formimido-ethyl  Ether. 

Upon  standing  with  alcohols  they  pass  into  esters  of  orthoformic  acid  (see  thisj. 
They  yield  amidines  with  ammonia  and  amines  (primary  and  secondary). 

SH 

Thioformetbylimide,  HC<^  ,  boiling  at  1250  (14  mm.),  is  produced 

,  _  ^  .  CjHg 

by  the  union  of  ethyl  isocyanide,  in  alcoholic  solution,  with  hydrogen  sulphide,  h 
is  a  yellow  oil,  with  an  odor  like  that  of  sulphur  (A.  280,  297). 

__  .NH. 

Formamidine,  Methenylamidine,  HC<  ,  is  only  known  in  its  salts,  to 

^NH 

chlorhydrate  is  obtained  (i)  by  the  action  of  ammonia  upon  formimido-ethyl-- <tf 
c cf  hydrate  *®»375»  I^47)  I  (2)  from  formimide  chloride,  the  addition  product 

01  hydrochloric  acid  and  prussic  acid,  when  it  is  digested  with  alcohol : 


o.c2h5 

'•  H< . .  +nh,  =  hc/ 


NH2 .  HC1 


.  HC1 

.Cl 


XxH 


+  HO.C2H5 


/NHj .  HC1 

2H%vh  +  2CW>H  =  HC/  ’  +  c,HjCl  +  HCO,C,H, 
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/N.OH 

Formhydroxamic  Acid,  HC^  ,  is  produced  when  eqmmolecular  quan- 

titles  of  formic  ester  and  hydroxylaraine  are  allowed  to  stand  in  a  solution  of  abso¬ 
lute  alcohol.  It  forms  brilliant  leaflets  having  a  greasy  feel.  It  dissolves  readily  in 
water  and  in  alcohol,  but  sparingly  in  ether.  It  melts  at  740.  A  violent  decom¬ 
position  sets  in  above  this  temperature,  and  then  slowly  proceeds  at  the  ordinary 
temperature.  The  acid  yields  an  intense  red  coloration  with  ferric  chloride.  .  It 
reduces  Fehling's  solution,  and  its  mercury  salt  in  dry  condition  explodes  when  it  is 
rubbed  (private  communication  from  G.  Schroter).  Compare  B.  25,  7OI>  f°r  *he 
copper  salt. 

/N.OH 

Formylchloridoxime,  HC(  ,  is  a  beautifully  crystallized,  very  decoru- 

XC1 

posable  compound,  with  a  sharp,  penetrating  odor.  It  is  produced  when  fulminates 
(P  237)  are  treated,  in  the  cold,  with  concentrated  sulphuric  acid.  It  dissolves  in 
ether.  When  its  solution  is  warmed  with  concentrated  hydrochloric  acid,  it  rapidly 
decomposes  into  formic  acid  and  hydroxylamine  hydrochloride : 


HC^ 


N.OH 

Cl 


/O 

+  2HaO  =  H  .  Cf  4-  NH2OH  .  HC1. 
xOH 


•  ,®clueous  solution  the  body  readily  reverts  to  fulminates.  Silver  nitrate  changes 
!  to  silver  fulminate  and  silver  chloride.  Aniline  converts  it  into  phenyl-isouretine 
(see  this),  and  with  ammonia  it  yields  cyanisonitrosoacethydroxamic  acid,  a  derivative 
of  mesoxalic  acid  (A.  280,  303). 

p  /NH2 

ormamidoxime,  Methenylarnidoximc ,  Isouretine ,  HC^  ,  melting  at 

U..WU _ _  .  ^N<0H> 


D4  ,  is  isomeric  with  urea ,  CO(NH2)2.  It  forms  upon  the  evaporation  of  an  alco- 
4°  lc  *°hition  of  hydroxylamine  and  hydrogen  cyanide  (Lossen  and  Schiflerdecker, 
A-  l66,  295  ;  28o,  320).  ^  V 

a  N=N .  C6H5 


d°  ,  is  obtained 


Formazyl  Hydride,  HC<^  ’  ”  ,  melting  at  Ii9°-I20°, 

from  f  ^N_NH  .  C6H5 

'  ormazylcarbonic  acid  (see  oxalic  acid  derivatives), 
envatives  of  Orthoformic  Acid  (p.  224). 
k  ,  r!h°formic  Esters  are  formed  (1)  when  chloroform  is  heated  with  sodium  alco- 
a  es  in  alcoholic  solution  (Williamson  and  Kay,  A.  92,  346)  : 


CHC1S  +  3CHS .  ONa  =  CH(0  .  CHS)S  -f  3NaCl; 

(2)  when  formimido-ethers  (p.  232)  are  transposed  with  alcohols,  at  which  time 
lXe<  esters  are  also  produced  (Pinner,  B.  16,  1645) : 


NH  .  HC1 
o  •  CaH5 


^(OCH3) 

4-  2CII. .  OH  =  CUf 

\o.c2h 


2 

5 


+  NH4C1. 


.Jhey  are  converted  by  alcoholic  alkali  into  alkali  formates,  and  by  glacial  acetic 
da  into  acetic  esters  and  ordinary  formic  esters.  Orthoformic  ester  is  changed  by 
etones  and  aldehydes  into  ortho-ethers,  g.,  (CH3)2C(0 .  C2H5)2  (p.  224),  and 
acetal,  CHS .  CH(0  .  C21I6)2  (p.  200).  At  the  same  time  it  passes  also  into  ordinary 
0rmic  ether  (B.  29,  1007).  Orthoformic  ester,  in  the  presence  of  acetic  anhydride 
and  aided  by  heat,  combines  with  acetylacetone,  acetoacetic  ester  and  malontc  ester 
to  yield  ethoxymethenyl  derivatives  (B.  26,  2729). 

Orthoformic  Methyl  Ester,  CHfO  .  CH5)8,  boils  at  102°,  Orthoformic  Ethyl 
20 
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Ester,  CH(O.C,H5)s,  boils  at  146°.  Orthoformic  AUyl  Ester,  CH(OC,Hs)l, 

b0iChloroform  anl  iod.um  mercepUdes  unite  to  orthoformic  esters  (B.  .0,  ,85). 

Chloroform,  Trichlormethane,  CHC13,  is  obtained :  (1)  By  the 
chlorinat°on  of  CH,  or  CHSC1 ;  (2)  by  the  act.on  of  chloride  of  lime 
unon  Afferent  carbon  compounds-^.  g,  ethyl  alcohol,  acetone,  etc. ; 
t)  by  heating  Moral  (p.  r97)  and  other  a  .phat.c  bodies  having  a 
terminal  CClt-group-r.  g.,  trichloracetic  W  and tnchlorphenomalu 
this)— with  aqueous  potassium  or  sodium  hydroxide : 

CC1, .  CHO  +  KOH  =  CCI3H  +  CHKO, 

.  Potassium 

chloral  Formate. 

Chloroform  is  prepared  technically  by  treating  alcohol  and  acetone  with  bleaching 
lime  The  latter^acU;  both  as  an  oxidizing  and  chlorinating  substance.  The  resu  t- 

rn  CHOorCH  CO  CCl,  is  decomposed  by  slaked  lime  (Mechanism  of  the 

mg  CC13  .  CHO  or  LH  UJ  .  V  j  can  be  obtained  by 

postng°  pure^1  cMora^  with  ^caustic^potashor,  according  to  R.  Pictet,  by  freezing  out 
Crystals  of  chloroform  and  then  placing  this  impure  substance  in  a  centnfugj 
machine.  Perfectly  pure  chloroform  results  in  the  decomposition  of  salt ) 

CMomformtas  discovered  in  r83.  by  Liebig  and  by  Soubeiran.  I. 
was  not  until  1835  that  Dumas  proved  conclusively  that  it  contained  hydrogen. 

1847  Simpson,  in  Edinburgh,  introduced  chloroform  into  surgery. 

Chloroform  is  a  colorless  liquid  of  an  agreeable  ethereal  odor  a 
sweetish  taste.  It  solidifies  in  the  cold  and  melts  at  — 62  ^ 

1053).  It  boils  at  +61. 50,  and  its  specific  gravity  at  15 i  «£ic 
1.5008.  It  is  an  excellent  solvent  for  iodine  and  many  other  g 
substances,  some  of  which  crystallize  out  with  “  chlorofor  m  of 
zation,"  e.  g.,  salicylide  (see  above).  Inhalation  of  its  vapo  ■  ^  .g 

unconsciousness,  and  at  the  same  time  has  an  anaesthetic  e  ec  .  ,  eg 

uninflammable.  It  forms  C6C16  when  it  is  conducted  t  iron-, 

heated  to  redness.  .  ...  ;n  sun- 

Transformations—  (1)  By  preservation  chloroform  is  oxiciiz  ^  ^ 

light  by  the  oxygen  of  air  to  phosgene  (see  this).  Chromic  ad(j 
converts  chloroform  into  this  body.  To  get  rid  of  the  p  10S» 
about  one  per  cent,  of  alcohol  to  the  chloroform. 

(2)  Chlorine  changes  chloroform  to  CC14.  _  ,  -tb  aicoholic 

(3)  Potassium  formate  is  produced  when  chloroform  is  heate  " 

potash :  TT  „ 

CHas  +  4KOH  =  CHO.OK  +  3KCl  +  2H,0.  fon0 

(4)  Ortho  formic  acid  ester,  CH(0 .  C,H5)„  is  produced  by  treating  c> 

with  sodium  alcoholate.  mnnium  cya«at® 

(5)  When  heated  to  l8o°  with  alcoholic  ammonia,  it  forms  am  ,  eS  place  a 
and  chloride.  When  caustic  potash  is  present,  an  energetic  reaction 

ordinary  temperatures.  The  equaiion  is : 

CHCl,  +  NH3  4-  4KOH  =  CNK  +  3KCI  + 

- : - -  !  erstes  Vier‘«1' 

*  Der  Scliutz  des  Chloroforms  vor  Zersetzung  am  Licht  un^  18961^  ^ 


l/U  UV.IIUI/4  UV.O  U 1HU1U1U1  lllr>  VUl  v*.-- 

jahrhundert :  E.  Biltz,  1892.  Der  Aether  gegen  den  Schmerz, 
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j!  SiSSSSX^*-*)  -  p" whcn  chloroforra  is  digest 

with  phenols  and  caustic  soda. 

r  rwrtr  melts  at -1-7  8°,  boils  at  15 10>  bas  asp.  gr.  of 

°f  bromine  and. KOH  <>r 
lime  (Ldwig,  183  0  upon  alcohol  or  acetone ;  also  from  tnbrompyro- 

racemic  acid.  o  was  discovered  in  1832  by 

Semite. °™’mas,  in  1834,  proved  that  it  oont^ned  hydrogen,  and 
in  1880  it  was  applied  by  Mosetig-Moorhof  in  Vienna ‘  hv® 

agent.  This  compound  results  when  iodine  and  potash  act  up  tl 
alcohol,  or  acetone,  aldehyde  and  other  substances  containing  tl^ 
methyl  group.  Pure  methyl  alcohol,  however,  does  y 

f°The  formation  of  tri-iodoaldeliyde  and  tri-iodoacetone precedes  the  pro- 
duction  of  the  iodoform.  These  substances  natura  y  wou 
unstable.  When  tri-iodoacetic  acid  is  warmed  with  a?et*c  * 
when  it  is  treated  with  alkali  carbonates,  it  breaks  down  in 

and  carbon  dioxide.  ,  _  ,  , ,  •  „irnhol 

Iodoform  crystallizes  in  brilliant,  yellow  leaflets,  so  u  ^ 

and  ether.  They  are  insoluble  in  water.  Its  odor  «  saffro  -  • 

evaporates  at  medium  temperatures  and  distils  over  wi  i  1  . 

Digested  with  alcoholic  KOH,  HI,  or  potassium  arsemte,  it  passes 
into  methylene  iodide ,  CH2I2  (p.  201). 

Fluorchloroform,  CHC12F,  boils  at  14-5°  5  Fluorchlorbromoform,  CHC1I  Br, 

boils  at  38°  (B.  26,  R.  781).  .  .,  rtc  immonium  salt  is 

Nitroform,  Trinitromethane,  CM(N02)j,  is  an  a  •  when  violent 

produced  when  trinitroacetonUrile  is  brought  m  contact  with  water,  w, 
explosions  frequently  occur.  The  conditions  are  un  now  \  > 


C(N02)sCN 


2H.0 


-C02 


C(N02)3C00NII4  — NH* 


C(N02)jH. 


It  is  a  thick,  colorless  oil,  solidifying  below  15°,  and  exploding  with  violence 

’''Fo^iH'^onic  Acid,  Methine  Trisulphjmic Add .  jg 

duced  by  the  action  of  sodium  sulphite  upon  <  i  or°P  .ujlh0nate  (p-  204).  lhe  acid 
when  fuming  sulphuric  acid  acts  upon  calcium  me  )  P 

is  very  stable,  even  in  the  presence  of  boiling  MMiea*  ^  157),  nitro- 

I11  this  connection  may  be  ™ent,°r?e<*  a,s° xvmethane  disulphonic  acid,  CH(OIi) 
methane  distil  phonic  acid  (A.  161,  ihl),  a  Jichlormethyl  alcohol , 

(SOjH)2  (B.  6,  1032);  dichlormethane  monosulphontc  ana,  an 

Known  as  acetic  esters.  .  _ 

Appendix. — Carbon  Monoxide,  Isonitriles  or  Car  yam 

“carto™  MonAox?<ie,  CO,  a  colorless,  combustible  gas,  the  product 
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of  the  incomplete  combustion  of  carbon,  has  already  been  discussed 
in  the  inorganic  part  of  this  book.  The  methods  for  its  production 
and  its  transformations,  which  are  of  importance  in  organic  chem¬ 
istry,  will  again  be  briefly  reviewed.  Carbon  monoxide  is  obtained 
(1)  from  formic  acid,  (2)  from  oxalic  acid  and  other  acids,  like  lactic 
and  citric,  by  the  action  of  sulphuric  acid.  It  is  also  made  (3)  from 
prussic  acid,  if,  in  preparing  the  latter  from  potassium  ferrocyanide, 
K4Fe(CN)6 . 3^0,  concentrated  sulphuric  acid  be  substituted  for  the 
more  dilute  acid,  and  in  this  manner  the  prussic  acid  be  changed  to 
formamide,  and  the  latter  immediately  breaks  down  into  ammonia 
and  carbon  monoxide.  Formamide  yields  carbon  monoxide  upon  the 
application  of  heat. 

Behavior. — (1)  Carbon  monoxide  and  hydrogen  exposed  to  the  influ¬ 
ence  of  electric  discharges  yield  methane  (p.  80).  Being  an  unsaturated 
compound,  carbon  monoxide  unites  (2)  with  oxygen,  forming  carbon 
dioxide;  (3)  with  sulphur,  yielding  carbon  oxy sulphide ;  and  (4)  with 
chlorine,  to  form  carbon  oxychloride  or  phosgene.  It  is  rather  re¬ 
markable  that  it  also  combines  directly  with  certain  metals.  (5)  With 
potassium  it  forms  potassium  carbon  monoxide  or  potassium  hexoxyben- 
zene(see  this),  CgOgK^ ;  (6)  with  nickel  it  yields  nickel  carbonyl,  (CO)«Ni 
(Mond,  Quincke,  and  Langer,  B.  23,  R.  628).  It  forms  alkali  formates 
with  the  alkaline  hydroxides  (p.  225),  and  with  (7)  sodium  methylate 
and  sodium  ethylate  it  yields  sodium  acetate  and  propionate. 

Carbon  Monosulphide,  CS,  is  not  yet  known  (B.  28,  R.  388). 
Isonitriles,  Isocyanides,  or  Carbylamines  are  isomeric  with  the 
alkyl  cyanides  or  the  acid  nitriles,  but  are  distinguished  from  these  in 
that  they  have  their  alkyl  group  joined  to  nitrogen.  The  isonitriles 
were  first  prepared  in  1866  by  Gautier  (A.  15 1,  239).  He  employed 
two  methods.  The  first  consisted  in  allowing  alkyl  iodides  (1  mol.) 
to  act  upon  silver  cyanide  (p.  231)  (2  mols.),  while  in  the  second 
method  the  addition  products  of  silver  cyanide  and  the  alkyl  isonitriles 
were  decomposed  by  distillation  with  potassium  cyanide: 


I  a. 


£  „  <W  +  2AgCN  =  CaH5NC .  AgCN  +  Agl 
lb.  C2H5NC.  AgCN  4-  KCN  =  C2H5NC  +  AgCN.  KCN. 


Shortly  after  A.  W.  Hofmann  (A.  146,  107)  found  that  isonitriles 
were  produced  by  digesting  chloroform  and  primary  amines  wit 
alcoholic  potash : 


2.  C2H5NH2  +  HCClj  4-  3KOH  =  CjH5NC  4-  3KCI  4-  3H20. 

3.  The  isonitriles  are  produced,  too,  as  by-products,  in  the  prepara 
tion  of  the  nitriles  from  alkyl  iodides  or  sulphates  and  potassium 
cyanide  (p.  266). 

Properties.  The  carbylamines  are  colorless  liquids  which  can  be  disti.  cd,  * 
possess  an  exceedingly  disgusting  odor.  They  are  sparingly  soluble  in  water, 
readily  soluble  in  alcohol  and  ether.  ^ 

Transpositions. — (i)  The  isocyanides  are  characterized  by  their  ready  * 
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. .  bv  dilute  acids  into  formic  add  and  primary  amines.  This  reaction  proceeds 
rcadilv  by  the  action  of  dilute  acids,  or  by  heating  with  water  to  l8o° 

CjH5  .  NC  +  2H,0  =  C,H5 .  NH,  +  CH,0,. 

Nitriles,  on  the  other  hand,  by  the  absorption  of  water,  pass  into  the  ammonium 
salts  of  carboxylic  acids : 

C,H3CN  +  2H,0  =  C,H5COONH4. 

It  is,  therefore,  concluded  that  in  the  nitriles  the  alkyl  group  is  in  union  with 
carbon,  while  in  the  isonitriles  it  is  linked  to  nitrogen.  Three  formulas  have  been 
suggested  for  the  isonitriles : 

m  11  hi  rv  v  iv 

I.  C,H3N=C  II.  C,H5N=C=  III.  C,H5N=C. 

Nef,  who  has  studied  several  aromatic  isonitriles  exhaustively,  gives  formula  I 
the  preference  (A.  270,  267).  (2)  The  fatty  acids  convert  isonitriles  into  alkylized 

fatty  acid  amides.  (3)  The  isonitriles,  like  prussic  acid  (p.  228),  form  crystalline 
derivatives  with  HC1 ;  probably  these  are  the  hydrochlorides  of  alkyl  formimide 
chlorides,  2CH5 .  NC  .  3HCI  =  [CH,N  =  CHC1],HC1,  which  water  decomposes 
into  formic  acid  and  amine  bases.  (4)  Mercuric  oxide  changes  the  isonitriles  into 
isocyanic  ethers,  C,H5N  =  CO,  with  the  separation  of  mercury,  just  as  CO,  by  ab¬ 
sorption  of  oxygen,  becomes  CO,. 

Methyl  Isocyanide,  Methyl  Carbylamine ,  Isoacetonitrile ,  CHSNC,  boils  at  590. 
Ethyl  Isocyanide,  Ethyl  Carbylamine ,  C,H5NC,  boiling  at  790,  when  heated  at 
from  230°  to  250°,  rearranges  itself  to  propionitrile.  It  combines  with  chlorine  to 
yield  ethylisocyan  chloride  or  ethylimidocarbonyl  chloride,  a  derivative  of  carbonic 
ac:d;  with  H,S  it  forms  thioformethylimide  (p.  232),  and  with  chloracetyl  it  produces 
ethylimidopyruvyl  chloride,  a  derivative  of  pyroracemic  acid  (A.  280,  291). 


Fulminic  Acid,  Carbyloxime,  C=  N.  OH,  is,  according  to  Nef 
(A.  280,  303;  B.  27,  2817),  the  oxime  corresponding  to  carbon 
monoxide,  and  possesses  the  properties  and  characteristics  of  a  strong 
acid.  The  fulminates  have  the  same  percentage  composition  as  the 
salts  of  cyanic  acid  :  one  of  the  first  examples  of  isomeric  compounds 
(Liebig,  1823).  Free  fulminic  acid  is  but  slightly  known.  Its  odor 
is  very  similar  to  that  of  prussic  acid,  and  the  acid  itself  is  not  any 
less  poisonous  than  that  acid.  The  acid  is  formed  w’hen  the  fulminates 
are  decomposed  by  strong  acids.  It  combines  quite  readily  with  the 
latter, — e.  g.,  it  yields  formylchloridoxime  wTith  hydrochloric  acid 
(P-  233), — but  this  newr  body  breaks  down  very  easily  w  ith  the  formation 
of  fulminic  acid.  The  deportment  of  the  fulminates  toward  hydro¬ 
chloric  acid  affords  some  insight  into  the  constitution  of  fulminic  acid 
>tself.  First,  hvdrochloric  acid  simply  adds  itself  and  salts  of  formyl¬ 
chloridoxime  arise,  from  which,  by  the  absorption  of  water,  formic 
^id  and  hydroxvlamine  are  formed  :  ^  Q 

=  HC^  ' 

XC1 


C=NOAg  +  HC1 


.NOAg 

Hcf 

XC1 


4-  ho 


.N.OH 

=  HCf  +  AgCl 

xa 


HOfN  •  °H  +  211,0  =  H .  CO,H  +  NH, .  OH  .  HC1. 

N3 
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Mercury  fulminate  is  the  most  important  of  the  salts  in, 
technically,  as  filling  material  in  gun-caps.  ‘  'S  appl,ed' 

Mercury  Fulminate,  (C  =  N .  Ol.Hg  +  WH.O  CB  ,r  n 
148),  is  formed  (1)  by  heating  a  mixture  of  alcohol,  nitric  acid' \mi 
mercunc  nitrate  (B.  9,  787;  19,  993.  137°;;  (a)  upon  adding  a’soiu- 
tion  of  sodium  nitromethane  to  a  solution  of  mercuric  chloride: 
yONa 

2CH2=N^  +  HgCl2  =  (C=N .  0)2IIg  -f  2HaO  +  2NaCl. 


There  is  always  produced  at  the  same  time  a  yellow  basic  salt, 
(Hg<0>C=  N0)2Hg,  which  is  the  sole  product  in  pouring  a 

solution  of  mercuric  chloride  into  a  solution  of  sodium  nitromethane. 

.fulminating  mercury  crystallizes  in  shining,  white  needles,  which 
are  tolerably  soluble  in  hot  water.  It  explodes  violently  on  percussion 
and  also  when  acted  upon  by  concentrated  sulphuric  acid.  Con¬ 
centrated  hydrochloric  acid  evolves  C02,  and  yields  hydroxylamine 
ydrochloride  and  formic  acid,  a  procedure  well  adapted  for  the 
pieparation  of  hydroxylamine  (B.  19,  993).  Chlorine  gas  decomposes 
mercury  fulminate  into  mercuric  chloride,  cyanogen  chloride,  and 

3  •  NO*.  Ammonia  converts  it  into  urea  and  guanidine  (see  acetyl 
isocyanate).  b  v 


an  l  .  *  fu  minate,  C  =  NOAg,  is  prepared  after  the  manner  of  the  mercury  salt, 

wlJ7e"rT  explosive  than  the  latter.  Potassium  chloride  precipitates  from  hot 
C  A  ctK  NT  n  S'  '  er  mmate  one  atom  of  silver  as  chloride  and  the  double  salt, 
fyStalllZ'S  from  the  solution.  Nitric  acid  precipitates  from  this  salt 
curv  fulminff7  ^2AgHN202,  a  white,  insoluble  precipitate.  On  boiling  nier- 

coooer  and  zinr'f  l  ^ater  a)*d  c°pper  or  zinc,  metallic  mercury  is  precipitated  and 
Sodium  amM  “"T***  (C2CuN202  and  C2ZnN202)  are  produced 
In  the  form,  ?am  U  to  sodium  finale,  C  =  NONa. 

hydrocyanic  arid^Ti  -Sa  tS  and  douk'e  salts  fulminic  acid  conducts  itself  much  like 
isocyanide  C  —  wh"S«  readily  understood  if  prussic  acid  be  regarded  as  hydrogen 
(C  =  Nof  FeNn  _l  * T«ir°AUm i  (errocyanide  corresponds  to  sodium  ferro/ulmtna  e, 
sodium  fulminate4  o~Li  r  l2°’  w^ich  is  produced  by  bringing  together  a  solution  0 
‘  fulminate  and  ferrous  sulphate  (A.  280,  335).  It  consists  of  yellow  needles. 

D.bromnitroacetonitrile  BrC=N_0 or  CTr,NOI(?)> 

w£°LtoT;uhP  hvdrol  r”en  bromine  acts  "P°"  merSSftL^tt. '  ™*  body, 
add  AoUiM  pr„blt°'hlor,c  passes  info  BrH,  NH„  NM.OII  and 
C6H5NHC=NOH  ^  onverts  the  dibromide  into  the  dioxime  of  the  oxam  u  • 

Cgl^NHC^NOH  * 

a  d  Ulmmuric  Acid»  Nitrocyanacetamidet  C3NsOsH3  =  CN .  CH(N02)C^h>  ,s 

minate  with  potassium  chloride  of  allca1'  salts  are  obtained  by  boiling  mercuric  f»j 
is  converted  by  a  mixture  !  !  i  ammonium  chloride  and  water.  The  sodium  s»» 

obtain  the  free  acid,  decomnnse  n  1U,r,C  ,and  n'tr'c  acids,  into  trinitroacetonitrile. 

a|  *45°;  Especially  characteristic6 ‘eau  S!dt  w‘dl  hydrogen  sulphide.  It  deflagr 
consists  of  glistening  dark-blue  1 16  *~upra m inon ium  salt,  C3N303Hj(Cu  3 

prisms.  (Compare  Cyanuric  acid.) 
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.  -  j; j  rrti  tfafc  uiref  salt  at  8o'-y>'  into  the  Ethyl  Ester.  C^H,VV 

kt.jj  iodide  «*v**|*  j,  changed  into  Desozyfuiromunc  Acid,  Cya m*o- 

W2SZ  .  SHfc Si35««^  V,H A =CK  C =K(OH). C- 

i  .S40  (A.  a&>,  33>J,  *b»  Wied  -«b  water  and  arcobol. 


ACETIC  ACID  AMD  ITS  HGMOLOGUES.  THE  FATTY  ACIDS,  CtH^.COjH. 

We  tan  regard  and  also  designate  all  the  homologues  of  acetic  acid 
*  mono-,  di-',  and  tri-alkylized  acetic  acids.  Names  are  then  obtained 
which  as  clearly  extern  the  constitution  of  the  acids  as  the  carhncl 
names  show  the  constitution  of  the  alcohols  (p-  no;-  .  . 

The  adds  of  this  series  are  known  as  fatty  acids ,  because  their 
higher  members  occur  in  the  natural  fats.  The  latter  are  esffr',!  ,e 
compounds  of  the  fatty  acids,  and  are  chiefly  esters  of  the  tnhydric 
glycerol.  On  boiling  them  with  caustic  potash  or  soda,  alkali  salts 
(soaps;  of  the  Catty  acids  are  formed,  and  from  these  the  mineral  acids 
rekay;  the  fatty  acid s.  Hence,  the  process  of  converting  a  compound 
ester  into  an  acid  and  an  alcohol  has  been  termed  saponification,  an 
this  term  has  been  applied  to  the  conversion  of  other  derivatives  o 
the  adds  into  the  adds  themselves —e.g.,  the  conversion  of  nitriles  into 

the  corresponding  acids.  . 

The  lower  acids  (with  exception  of  the  first  members)  are  oils ,  t  »e 
higher,  cornrnendng  with  capric  acid,  are  solids  at  ordinary  tempera- 
tore*.  The  first  can  lie  distilled  without  decomposition ;  the  latter 
are  partially  decomposed,  and  can  only  be  distilled  without  alteratJ  >n 

in  vacuo.  All  of  them  are  readily  volatilized  with  steam.  Acjos  o 
like  structure  show  an  increase  in  their  boiling  temperatures  of  a  mm 
if'  for  every  4-  CH*.  It  may  be  remarked,  in  reference  to  the  melt¬ 
ing  points,  that  these  are  higher  in  adds  of  normal  structure,  con¬ 
taining  an  even  number  of  carbon  atoms,  than  in  the  case  o  ttnose 
having  an  odd  number  of  carbon  atoms  (see  above;.  lTie  dibasic 
acid*  exhibit  the  same  characteristic.  As  the  oxygen  content  d.mm- 
whei,  the  specific  gravities  of  the  acids  grow  successively  a  j 
adds  themselves  at  the  same  time  approach  the  hydrocar /ons. 
lower  member*  are  readily  soluble  in  water.  The  solubiii  > 
latter  regularly  diminishes  with  increasing  molecular  weig  - 
easily  soluble  in  alcohol,  and  especially  so  in  ether.  Their  > 
redden  blue  litmus.  Their  addity  diminishes  with  increasing  m  dc  - 
ular  weight:  this  is  very  forcibly  expressed  by  the  diminution  of  t 
heat  of  neutralization  and  the  initial  velocity  in  the  et  en  ica  10  1  > 

thri:tM  important,  general  method.  of  obtaining  the  monobasic 

acid#  are :  ,  , 

(1)  Oxidation  of  the  primary  alcohols  and  aldehydes : 


CHj.CHpH 
luhyt  Ak«h«4 


{cil,.CH<g{jj 


11,0 


CH/ 


/ 


o 

Aldehyde 


.011 
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In  the  case  of  normal  primary  alcohols  with  high  molecular  weight  the  conversion 
into  the  corresponding  acids  is  effected  by  means  of  heat : 

C15H31CH2OH  +  NaOH  =  C15H31 .  C02Na  +  2H2. 

Cety*  Alcohol  Sodium  Palmitate. 

(2)  By  the  addition  of  hydrogen  to  the  unsaturated  monocarboxylic  acids : 

CH«=CH  .  C02H  +  2H  =  CHS .  CH2 .  C02H. 

Acrylic  Acid  Propionic  Acid. 

(3)  By  the  reduction  of  oxy  acids  at  elevated  temperatures  by  means  of  hydriodic 

aCld '  CH3 .  CH(0H)C02H  +  2HI  =  CHS  .  CH2 .  COaH  -f  H20  +  I2. 

Or,  halogen  substituted  acids  may  be  reduced  by  means  of  sodium  amalgam. 

Many  nucleus-synthetic  methods  are  known  for  the  formation  of 
derivatives  of  the  acids,  which  can  easily  be  changed  to  the  latter. 
These  methods  are  important  in  the  building-up  of  the >  acids. 

(4)  Synthesis  of  the  Add  Nitriles. -The  alkyl  cyanides  called  also 
the  fatty  acid  nitriles,  are  produced  by  the  interaction  opo^1 
cyanide  and  alkylogens  or  the  alkali  salts  of  the  alkybsulphunc  ac  • 
When  the  alkyl  cyanides  or  fatty  acid  nitriles  are  heated  with  alkane 
or  dilute  mineral  acids  the  cyanogen  group  is  transformed 
carboxyl  group,  while  the  nitrogen  is  changed  to  ammonia, 
manner  formic  acid  is  produced  from  prussic  acid  (p*  225)  • 

CHS .  CN  +  2H20  +  HC1  =  CH3 .  C02H  +  NH4C1 
CH3  .  CN  +  H20  +  KOH  =  CH3  .  C02K  +  NH3. 

This  method  makes  the  synthesis  of  acids  from  alcohols  Poss^  ^ 

The  change  of  the  nitriles  to  acids  is,  in  many  instances,  most 
executed  by  digesting  the  former  with  sulphuric  acid  (diluted  with  an  1  >  262). 

water) ;  the  fatty  acid  will  then  appear  as  an  oil  upon  the  top  of  the  solu  10  V  •  an,| 
To  convert  the  nitriles  directly  into  esters  of  the  acids,  dissolve  them  1  XS90)- 

conduct  HC1  into  this  solution,  or  warm  the  same  with  sulphuric  act  ,  to  I6o°-2000- 

(5)  Action  of  carbon  monoxide  upon  the  sodium  alcoholates  heate  ^  ethylate 
This  reaction  only  proceeds  smoothly  and  easily  with  sodium  methy  a  e 

(A.  202,  294): 

C2H5 .  ONa  +  CO  =  C2H5  .  C02Na. 

Sodium  Ethylate  Sodium  Propionate. 

Similarly,  carbon  monoxide  and  sodium  hydroxide  yield  formic  acid  (P*  ^  ,^j5 

(6)  By  the  action  of  carbon  dioxide  upon  sodium  alkyls  (A.  IXI»  It  may 

reaction  is  only  applicable  with  sodium  methide  and  sodium  ethide  (p-  carbon 

be  compared  with  that  in  which  formic  acid  is  produced  by  the  action  o  i 

dioxide  upon  potassium  (potassium  hydride)  : 

C2H6 .  Na  +  C02  =  C2H5 .  C02Na. 

(7)  By  the  action  of  phosgene  gas,  COCl2,  upon  the  zinc  alkyls, 
chlorides  are  formed,  but  they  subsequently  yield  acids  with  water : 

Zn(CH3)2  +  2C0C12  =  2CH3 .  COC1  +  ZnCl2,  and 

Acetyl  Chloride 

CH3 .  CO  .  Cl  +  HaO  =  CH3 .  CO  .  OH  +  HC1. 

Acetic  Acid.  lectrol)’^ 

(8)  Electrosyntheses  of  the  esters  of  monocarboxylic  acids  occur  upon  c  c  ^utyric 
mixtures  of  the  salts  of  fatty  acids  and  the  mono-esters  of  dicarboxylic  aci 
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ester,  for  example,  is  obtained  from  potassium  acetate  and  potassium  ethyl  succinate 

(B.  28, 2427) :  +  _ 


CH, 

CH„ 


CO. 

CO. 


K  4  HOH 
K  IlOH 


CH,  4  CO-  KOII  H 
3  2  4-  +1 

CO,  KOH  H 


CII,.  COjCjH, 


in, 

(^Hj-COj  .  C2H5 


The  following  methods  of  formation  are  based  upon  the  breaking- 
down  of  long  carbon  chains: 

(9)  The  decompositioti  of  ketones  by  oxidation  with  potassium  per¬ 
manganate  and  sulphuric  acid  (p.  211)  : 

CHj[CHj],4  .  CO .  CH, - ° - CH3[CH,],,C02H  4  CH, .  CO,H 

Pentadecylmethylketone  from  Pentadecylic  Acid  Acetic  Acid. 

Palmitic  Acid 


(10)  Decomposition  of  unsaturated  acids  by  fusion  with  caustic 
potash : 

„„  „  KOII 

CH,.  CH  :  C(CH,)CO,K - -y  CH, .  C02K  and  CH, .  CH2 .  CO,K 

Potassium  Angelicate  Potassium  Potassium  Propionate. 

Acetate 


(11)  Decomposition  of  acetoacetic  ester ,  as  well  as  mono-  and  dial- 
kylic  acetoacetic  esters,  by  concentrated  caustic  potash  : 

CH, .  CO  .  CH, .  C02C2H6  4-  2K0H  =  CII, .  CO,K  +  CH, .  CO,K  4  C,H5OH 
Acetoacetic  Ester  3  2.32  2  5 

CII,.  C0.CH(R)C02C2H5  4  2K0H  =  CH, .  CO,K  +  CH2(R)C02K  4  C2H5 .  OII 

CH, .  CO .  C(R)2C02C2H5  -f  2KOH  =  CH, .  C02K  +  CH(R)2C02K  +  C2H6  .  OH. 

(12)  Decomposition  of  ketoxime  carboxylic  acids,  after  their  rear¬ 
rangement  into  acid  amides.  This  reaction  is  valuable  in  determining 
,  K  constitution  of  the  olefine  carboxylic  acids,  from  which  the 

ctoxime  carboxylic  acids  can  be  prepared.  (Compare  oleic  acid, 

1  8S  * ) 

U3)  Decomposition  of  dicarboxylic  acids,  in  which  the  two  carboxyl 
groups  are  in  union  with  the  same  carbon  atom.  On  the  application 
0  heat,  these  sustain  a  loss  of  carbon  dioxide : 


CH2<C02H - CH, .  CO,H  +  CO, 

Malonic  Acid 

ciir<£°*JJ - ch2rco2ii  +  CO, 

c(r)2<co,H - >  CH(R),CO,H  4  CO,. 

T  he  acids  produced  by  the  last  two  methods  can  he  regarded  as  directly  derived 
rom  acetic  acid,  CH,  .  COOH,  in  which  I  and  2ll  atoms  of  the  CH,-group  are 
rep  aced  by  alkyls ;  hence  the  designations  methyl-  and  dimethyl-acetic  acid,  etc. : 

CH, .  CH,  CH, .  C,H5  CH(CH,), 

CO .  OH  d;0 .  oil  (1:0 .  OH 

Methyl  Acetic  Acid  or  Ethyl  Acetic  Acid  or  Dimethyl  Acetic  Acid  or 
Propionic  Acid  Butyric  Acid  Isobutyric  Acid. 

21 
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To  fully  comprehend  the  importance  of  the  last  two  methods  of 
formation  the  following  facts  may  be  anticipated  : 

Acetic  ether  is  the  starting-out  material  for  the  obtainmentof  aceto. 
acetic  ester,  and  chloracetic  ester  for  that  of  malonic  esier.  Aceto- 
acetic  ester ,  CH3 .  CO  .  CH2 .  CO  .  O  .  C2HS,  and  malonic  ester,  CHr 
(CO .  O  .  C2H5)2,  contain  a  CH2-group,  in  combination  with  two 
CO-groups.  One  hydrogen  atom  in  a  CH2-group  thus  situated 
may  be  replaced  by  sodium,  and  the  latter,  through  the  agency  of  an 
alkyl  iodide,  by  an  alkyl  group.  In  this  manner  monoalky/acetoactlic 
esters,  CH2 .  CO  .  CHR  .  CO  •  OCjHj,  and  monoalky Imalomc  esters, 
CHR(COOC2H6)2,  are  obtained.  And  in  these  monoalkylic  deriva¬ 
tives  again  the  second  hydrogen  atom  of  the  CH2  group  may  be 
substituted  by  sodium,  and  this,  in  turn,  through  the  action  of  an 
alkylogen,  may  be  replaced  by  a  similar  or  a  different  alcohol  radical: 
the  products  are  then  dialkylacetoacetic  esters,  CH3 .  CO  .  C(R)2COO- 
C2H5,  and  dialkylmalonic  esters,  C(R)2(COOC2H5)2.  The  ease  with 
which  all  of  the  reactions  involved  in  the  formation  of  the  alkyl- 
malonic  and  acetoacetic  esters  are  carried  out  render  these  bodies  very 
convenient  material  for  the  production  of  a  nucleus  synthesis  of  mono- 
and  dialkylic  acetic  acids.  The  breaking-down  of  malonic  acid  and 
the  alkylmalonic  acids  possesses  this  advantage,  that  it  proceeds  in 
one  direction  only,  whereas  the  alkylic  acetoacetic  esters  sustain  a 
ke tone  decomposition  simultaneously  with  the  acid  decomposition,  with 
the  separation  of  the  carboxyl  group  (p.  209). 

Isomerism. — Every  monocarboxylic  acid  corresponds  to  a  primary 
alcohol.  Hence  the  number  of  isomeric  monocarboxylic  acids  of 
definite  carbon  content  is,  as  in  the  instance  of  the  aldehydes,  equal 
to  that  of  the  possible  primary  alcohols  (p.  111),  possessing  a  like 
quantity  of  carbon.  The  isomerism  is  dependent  upon  the  isomerisms 
of  the  hydrocarbon  radicals  in  union  with  the  carboxyl  group. 

There  are  no  possible  isomerides  of  the  first  three  members  of  the 
series  CnH2n02 : 


HCOjH 

Formic  Acid 


CHs.CO?H 

Acetic  Acid 


CjHj  .  M 

nuu  Propionic  Acid. 

Two  structural  cases  are  possible  for  the  fourth  member,  C4HbO?: 

COjh  and  (CH,)2.CH.CO,H 
ropvl  Carboxylic  Acid  Isopropyl  Carboxylic  Acid. 

Butyric  Acid  F  liobutyric  Acid. 

r  S>UrrS°SerideS  are  Possible  with  the  fifth  member,  C5H,<A  = 
*  inasmuch  as  there  are  four  butyl,  C4H9,  groups,  etc. 

aJ™nSfCTatl0nSrK  concise  review  of  their  manv  derivatives  was 
f,  '" the  "“reduction  to  the  monocarboxylic  acids.  These  were 

°b“' TJ. 1 '"T  frT  the  or  directly  from  their  salts.  Then 

most  important  reactions  follow: 

or' snlph^fc  add  (^3).5’Wd  in  the  Pre5ence  °f  h.vdroch'°riC 
(  )  Salts  and  alkylogens,  or  alkyl  sulphates,  yield  esters. 
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,,  Ackb  or  salts  yield,  when  acted  upon  by  the  chlorides  of  phos- 

$it  off  water  and  become 

Jj  amides  (p.  262)  and  acid  mtnlas  (p.  266). 

T  e  halogens  produce  substitution  products. 

(6 1  The  fatty  acids  are  very  stable  in  the  presence  of  oxidizin 
a-eQts-  thev  are  attacked  verv  slowlv.  Fatty  acids,  containing 
tertiary  group,  yield  nitroderivatives  (B.  15.  23  iS)  when  acted  upon 
br  nitric  acid. 

In  discussing  the  paraffins,  their  alcohols ,  aldehydes  and  ketones, 
methods  of  producing  these  bodies  were  made  known,  which  were 
based  upon  the  transposition  reactions  of  the  fatty  acids,  their  salts 
or  their  immediate  derivatives.  These  may  be  summarized  here : 

(1)  Paraffins  (p.  84)  result  in  the  reduction  of  higher  fatty  acids 
by  hydriodic  acid. 

(2)  Paraffins  (p.  84)  are  produced  when  the  calcium  salts  of  the 
iatty  acids  are  distilled  with  soda-lime. 

(3)  Paraffins  (p.  83)  result  from  the  electrolysis  of  concentrated 
solutions  of  the  potassium  salts  of  the  fatty  acids. 

(4)  Acid  chlorides  and  acid  anhvdrides,  when  reduced,  vield  al¬ 
dehydes  (p.  iI3)  and  primary  alcohols  (p.  189). 

.'v  chlorides  and  zinc  alkvls  vield  ketones  (p.  aio'i  and  tertian 

oliohols  (p.  1 13).  '  VF 

lower  ?  interaction  of  iodine  and  the  silver  salts  of  fattv  acids  esters  of  the  next 
tower  aicohol  are  tonned  f  compare  p  252). 

a^en  calcium  salts  and  calcium  formate  are  distilled,  aide 
m  e  produced  (P-  188). 

salts  TTffxeJ  ketones  (p.  209)  are  formed  when  the  calcium 

fof™  Ullfd  alone  or  in  a"  equimolecular  mixture, 
nitrons  ar^re  ucti°n  of  acid  nitriles  yields  primary  amines ;  these. 

( ml  A  d/°nVertS  iDt°  the  corresponding  alcohols, 
droxide  W^en  actec^  uP°n  by  bromine  and  sodium  hy- 

series  of  aw  °”  .  35  car*x?n  dioxide  and  pass  into  the  next  lower 

of  the  fatty  achjs(p/n^  )  ^his  reaction  answers  for  the  disintegration 

from  bodie-^Vt'00  ,0t  the  fatty  acids  follows  from  this  production 
Acetic  AriTTr  constitution  and  their  conversion  into  the  same. 
Acetic  acid  fr.  [Ethan-acid^  CHs.COOH,  Acidum  aceticum. — 
is  the  acid  Vv,-  ^  u  1  le  spontaneous  souring  of  alcoholic  liquids, 
“acid”  wer^  h  •  ^  ^“longest  known.  Vinegar  and  the  term 
related  word*  cs’gnated,  tor  example,  by  the  Romans  by  closely 
ood  vinegar  became  known  first  in  the  middle  ages. 

esters.  Thus^t^—*^  kingdom  both  free  and  in  the  form  of  salts 

occurred  in  the  form  nf  Fk  mentlo.ned  under  n-hexyl  and  n-octyl  alcohols  that  they 
gigatUeum  and  in  thp  ******  >n  the  ethereal  oil  of  the  seed  of  Hrracleurf: 

1  of  Hfradrum  spk&ndylium.  The  officinal,  concentrated 


b/j  rj 
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acid,  as  well  as  the  thirty  per  cent  aqueous  solution  of  the  aod,  are  a pposd  atid. 
nally. 

Acedc  acid  is  produced  in  the  decay  of  many  organic  substances 
and  in  the  dry  distillation  of  wood,  sugar,  tartaric  acid,  and  other 
compounds :  alv>  in  the  oxidation  of  numerous  carbon  derivatives,  as 
it  is  very  stable  toward  oxidants. 


The  of  forming  acetic  acid,  which  have  any  remarkable  theoretical  nlit, 

bra  already  been  discussed  under  the  genera,  methods  for  the  product**  if  j 
adds  p-  239);  therefore,  they  will  be  but  brieny  noticed  her  : 
fit  The  oxidation  of  ethyl  alcohol  and  acetaldehyde- 

si  The  rednctioD  of  oxVaceric  add  or  glycol!  c  add,  CH,  OH).  CO.H.  it:  *je 
redoctkM  of  chlorinated  acetic  adds — t-  g- -  trichloracetic  add,  CO,.  COjH. 
Synthetically  :  (3)  From  methyl  cyanide  or  acetonitrile. 

4)  From  si->d»nTn  methylate  and  carbon  monoxide. 

'  5)  From  sodium  met  hide  and  c*ib:e  dioxide. 

6  From  phosgene  and  rinc  methide.  .  , 

By  Jttwmfmdtim %:  (7)  By  the  oxidation  of  acetone  and  ma^y  m-iec - T- 

(g  By  the  decomposition  of  many  unsat  orated  adds  of  the  old:  ^r— 
fused  with  caustic  potash. 

(9  From  areto-acerc  ester  by  means  of  alcoholic  potasa. 

lio  .  Bt  hearing  malonic  add.  .  , 

Finally",  a  «her  remarkable  synthmis  of  acetic  aod  consists  in  kta-g  -  *=- 
cacst  c  potash  act  upon  acetylene  in  dufosed  daylight  Benhe  <c*.  I  - ,  °J- 

CHSCH  -I-  H,0  —  O  =  CHj.COOH. 

Histaricol.  — At  the  dose  of  the  eighteenth  century  Laroisier  recogmved  ^  ^1 
jhm  air  was  necessary  for  the  conversion  of  alcohol  into  acetic  7]  J  ^  ^ 

cocrespoodingty  diminished.  In  1S30  Emmas  converted  tpe  90C,  -J 
chlorine,  into  trichloracetic  acid,  while  the  reconversion  o:  t^e  Utter .  ~~  r 

add,  by  sodium  amalgam  and  water,  was  demonstrated  by  -le^c-s  —  *fayga.  cs 
when,  in  1845,  Koibe  succeeded  in  producing  tricklyrocetu  acid  p. 
elements,  the  hist  synthesis  of  acetic  add  was  accomplished. 

Acetic  acid  is  produced  (1)  by  the  oxidation  of  ethyl 
liquids  containing  this  alcohol.  It  is  customary,  depend  -%m[V 
their  origin,  to  distinguish  wine  vinegar,  fruit vinigar,  an  -  ^ r 


I  The  Quick- vinegar  Process  (Schatzenhach.  1823). —  -  -e  ^  re 

don  of  alcoholic  liquids  consists  in  the  transference  of  t~e  oxygen  3.  ^T...  — 

akohol  Pasteur).  This  is  ejected  by  the  ace 6c  femes:,  the  “  mother  0 1  ^ 

Mjeoderma.  aceti,  Micrococcus  aceti^  or  Bacterium  accfi,* — tbe  gens^  —  *S 
always  present  in  the  air.  In  thi>  process,  by  an  enlargement  of  the 
of  the  alcoholic  bqmd  with  the  air,  there  ensues  an  accelerated  axidauou.  ^ 

wooden  tubs  are  tilled  with  shavings  previously  moistened  with  vine^11*  p^t 

di  nted  ten  per  cent.)  alcoholic  solutioos  are  poured  npoo  these.  ^0. 

cxP°5e^  m  »  warm  room  z^-jp-  ,  is  provided  with  a  sieve  -  ^  ~  . 

^  ^  a"  oat  it  are  holes  permitting  the  entrance  of  air  to  the  intenor.  * ~ 


_  *  ^  oriesungea  uber  Bacterien  voq  A.  de  Barr,  1SS7. 
AdoJ  Mayer,  1S95. 


Die  Gihmngscher^e 


trm:  AOD  A3fD  rrs  EGMOLOGrTS- 


2  * 


..  i  tea  i -a  OTP  *=  «r? 
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Properties. — AnhydrotB  acetic  acid  at  low  temperatures  consists  of 
2  leafy,  crystalline  nag — -glacial  acetic  acid- — fusing  at  i6-73,  and 
fenuag  at  tbe  same  time  a  penetrating,  acid  smelling  liquid,  of 
specific  gravity  1.0497  31  20s.  It  boils  at  1 18°,  and  mixes  with  water 
io  a II  proportions.  In  this  case  a  contraction  first  ensues,  conse- 
roemiy  the  specific  gravity  increases  until  tbe  composition  of  the  solu¬ 
te*  corresponds  to  the  hydrate,  C,H40,  -f-  H,0  ( =  CH, .  C(OH  ,  ; 
tbe  specific  gravity  then  equals  1-0754  (77—80  per  cent.)  at  15°.  On 
rtrjier  dilution,  the  specific  gravity  becomes  less,  until  a  50  per  cent. 
so*y:o“  possesses  about  tbe  same  specific  gravity  as  anhydrous  acetic 
2cj<L  Ordinary  vinegar  contains  about  5-15  per  cent,  of  acetic  acid. 
c,rJt-  c  is  an  excellent  solvent  for  many  carbon  compounds. 
E.eu  the  haloid  acids  dissolve  readily  in  glacial  acetic  acid  (B.  11, 
1221 1.  Pare  acetic  acid  should  not  decolorize  a  drop  of  potassium 
rj^raangaiiate.  It  may  be  detected  by  conversion  into  volatile  acetic 
et-icT  woen  heated  with  alcohol  and  sulphuric  add  (p.  2^5),  or  bv 
tbe  formation  of  cacodyl  oxide  (p.  1 76). 

Acetates.— The  acid  combines  with  one  equivalent  of  the  bases, 
og  readily  soluble,  crystalline  salts.  It  also  forms  basic  salts  with 
lr^f’  a“H™Dmm?  lead  and  copper ;  these  are  sparingly  soluble  in 
.er.  The  alkali  salts  have  the  additional  propertv  of  combining 
n  a  m°lecule  of  acetic  acid,  yielding  acid  salts,  C,H,KO,-j-C,H4Os- 


fcnl  -T-  mm  Acetate,  C,ILjKOj.  deliquesces  in  the  air  and  dissolves  readily  in  alco- 
y/^ta  salt,  CjHjKO,  .  CjH401#  crystallizes  out  in  pearly  leaflets.  It  fuses  at 
zjntr-  »  CjHjO^K  -4-  2C,H4C>;  melting  at  1 12°,  is  decomposed  at  1700  into 

and  the  neutral  salt. 

c^als  effl  Acetate  y  C,H*Xa02  4-  crystallizes  in  large,  rhombic  prisms.  The 

at  310^  e  ^frtSCe  00  e*P°®Bre-  When  heated,  the  anhydrous  salt  remains  unchanged 

Ace*****  CjH,(XH4)Or,  is  a  crrstalline  mass.  Heat  applied  to  the  drv 
•d  'l  mt°  WateT  aDd  acetamide.  Calcium  Acetate,  (QH.OA.Ck  +  H.O, 

Ferr^  m  Acetate,  (CjHjOj  2Ba  4-  HtOs  dissolve  readily  in  water. 

XpTjfrerj  r  (SHjP,l,Fe,  oxidizes  in  tbe  air  to  insol  able  basic  ferric  acetate, 

is  Dreci_*7^*f  acetate  C^HjOj^Fe^,  is  not  crystallizable.  On  boiling,  ferric  oxide 
alnmir  m^  m  lQe  ^orin  basic  acetate.  The  same  may  be  said  in  regard  to 
of  unitTner  a^!a\C*  *****  sa\ls  are  applied  as  mordants  in  dyeing,  as  they  are  capable 

are  r-JvaW  c  1  -  c°tt°n  fiber.  The  basic  salts  produced  on  the  anpl  cai  on  of  heat 
m  capable  of  retaining  dyes. 

Acetate,  (CjHjO^Pb  4-  ^H^O,  is  obtained  by  dissolving  litharge  in 
It  DOisew  Le  Sa*t  ^<jTnis  brilliant  four-sided  prisms,  which  effloresce  on  exposure, 
an  Tier  „  »  f  sw?ct  taste  whence  called  su^ar  of  lead),  and  is  poisonous.  If  an 

x  on  °f  sugar  of  lead  be  boiled  with  litharge,  basic  lead  salts ,  of  varying 
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lead  content,  e.g.,  CjHjOjFbOH  and  CjH,0,Pli .O .Pb .O -Pb-CjHjOt.  trviaced. 
Their  alkaline  solntkras  hod  application  under  the  designation — lea*  -inegar.  Sec¬ 
tions  of  basic  lead  acetates  absorb  carboo  dioxide  from  the  air  and  deposit  bade  car¬ 
bonates  of  lead — white  lead. 

Lead  Tetra  acetate,  C,H,0J4Pb  is  obtained  when  minium  b  dissolved  b  ber 
glacial  acetic  add.  From  the  titrate  colorless  monodinic  prsms  separate:  ±<5* 
melt  at  175=  IB.  29,  R.  342). 

Neutral  Copper  Acetate ,  (C,HjOt),Ca  -j-  H.O,  is  easily  soluble  ic  Bade 

copper  salts  occur  in  trade  under  the  title  of  verdigris.  They  are  ocuiset  by  dis¬ 
solving  copper  stripe  in  acetic  add  in  presence  of  air.  The  double  sa.:  c*  acetate 
and  arsenite  of  copper  b  the  so-called  Sefnoein/urt  Green — mitt:  i  rent. 

Siker  Acetate,  C.HjOjAg,  separates  in  brilliant  needles  or  leaflets.  The  sal:  is 
soluble  in  98  parts  water  at  145  C. 


The  decompositions  of  the  aeetates  have  been  previous,)'  given  a: 
various  poirns ;  summarized  they  are : 

(1)  Potassium  acetate,  when  electrolyzed,  yields  ethane  or  dimetkyl 


(p.  76). 

(2)  Sodium  acetate,  heated  with  soda  lime,  yields  methane  (p-  81 

(3)  Potassium  acetate  and  arsenious  oxide,  on  the  application  of 
heat,  yield  caeodytic  oxide  (p.  177). 

(4)  Ammonium  acetate  loses  water  on  the  application  of  hea:  rith 
the  formation  of  acetamide  (p.  265). 

(5)  Calcium  acetate  is  decomposed  by  beat  into  acetone  (p-  214  - 

(6)  Calcium  acetate  and  calcium  formate,  heated  together,  > 
aldehyde  (p.  195). 

(7)  Calcium  acetate  and  the  calcium  salts  of  higher  fatty  ackb 
yield  mixed  methyl  alkyl-ketones  when  they  are  heated  J>.  21c;- 


PROPIONIC  ACID.  BUTYRIC  ACIDS.  VALERIC  ACIDS. 

The  following  table  contains  the  melting  points  (B-  29.  R.  32-  • 
the  boiling  points,  and  the  specific  gravities  of  the  norma,  acics  — ~ 
their  isomerides : 


XeBg. 


M.  P. 


Propionic  Add,  Methvl  Acetic 

Add, . 

n-Bctync  Add,  Ethd  Acetic 

Add, . . 

Isobatyric  Add,  Dimetbri 

Acetic  Add, . 

n  -  Valeric  Add,  D-Propd 

Acetic  Add, . 

Iscrraleric  Add,  Isopcoprl 
Acetic  Add, . . 

Meihrl-etkyl  Acetic  Add,  . 

TriiDethvi  Acetic  Add,  Ptral- 
ic  Add, . 


CH, .  CKj — CO?H  —36.5s 
CH, .  (CKj^CX)tH  — 
CH^>  CH — CO.l  I  — 79a 
CH^jCHjjCOjH  — 590 

CH.  CHy-COjH  —  510 
c'„’>CH_COlH  - 

(CHj.?  *C .  COjH  -35» 


B.  P-  ] 

Ga^sy- 

140“ 

O.9920 

163° 

0-95*7  ^ 

155° 

o<#P\*r 

iS6~ 

0.956S  (o® 

I74c 

0.947°  * 

175“ 

a  941°  11 

163s 

— 

PROPIONIC  acid, 


butyric  acids,  valeric  acids. 
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zk?,uA  & «r  ‘Z 

SXSiidiixw'e"  (7)T >7  dacmfmlim)  in  the  oxidation  of  methyl-ethyl,  m«M’ 
SlvUnd  diethyl -ketone  ;  (8)  by  the  action  of  alcoholic  potash  upon  methylaceto- 
Ltic  ester  with  the  simultaneous  production  of  ethyl  methyl  ketone ;  (9)  from 
methylmalonic  acid  or  isosuccinic  acid  by  the  application  of  heat. 

Its  formation  from  malate  and  lactate  of  calcium  by  fermentation  1  >  y  1 

note  (B.  12,  479;  17,  1190).  Gottlieb  first  discovered  propionic  acid  in  i«47>  wner] 
he  fused  cane  sugar  with  caastic  potash.  Dumas  gave  the  acid  its  name,  <  erivef 
from  jrpwrof,  the  first ,  n'iuv,  fat,  because  when  treated  in  aqueous  solution  with  calcium 
chloride  it  separated  as  an  oil.  It  is  the  first  acid  which  in  its  behavior  approaches 
the  higher  fatty  acids. 

The  barium  salt ,  (C3H502)2Ba  +  1 120,  crystallizes  in  rhombic  prisms.  The  silver 
‘all ,  CjHjOjAg,  dissolves  sparingly  in  water. 


Butyric  Acids,  C4H802. 

Two  isomeric  acids  are  possible : 

(1)  Normal  Butyric  Acid,  Ethyl  Acetic  Acid  [. Bulan  acid~\, 
butyric  acid  of  fermentation,  occurs  free  and  also  as  the  glycerol  ester 
in  the  vegetable  and  animal  kingdoms,  especially  in  the  butter  of  cows 
(to  the  amount  of  five  per  cent.,  together  with  considerable  of  the 
glycerides  of  palmitic,  stearic,  and  oleic  acids),  in  which  Chevreul 
ound  it,  in  the  course  of  his  classic  investigations  upon  the  fats.  It 
exists  as  hexyl  ester  in  the  oil  of  Heracleum  giganteum,  and  as  octyl 
ester  in  Pastinaca  sativa.  It  has  been  observed  free  in  the  perspira- 
i°n  and  in  the  fluids  of  the  flesh.  It  may  be  obtained  by  the  usual 
Methods  employed  for  the  preparation  of  fatty  acids,  and  is  produced 
th  1  butyfic  fermentation  of  sugar,  starch  and  lactic  acid,  and  in 
e  decay  and  oxidation  of  albuminoid  bodies. 


th^  r<  lnanly  the  acid  is  obtained  by  the  fermentation  of  sugar  or  starch,  induced  by 
^-  previous  addition  of  decaying  substances,  e.  g.,  cheese,  in  the  presence  of  calcium 
j,  j, ln*- c^bonate,  intended  to  neutralize  the  acids,  which  are  formed.  According  to 
the  d'  C  'U,yri.C  fennentation  of  glycerol  or  starch  is  most  advantageously  evoked  by 
addition  °f  schizomycetes,  especially  Bacillus  subtilis  and  Bacillus  boocopri- 
eut  (B-  ii,49,  53;  29,  2726). 


utyric  acid  is  a  thick,  rancid-smelling  liquid,  which  solidifies  when 
00  ed.  It  boils  at  163°.  It  dissolves  readily  in  water  and  alcohol, 
^o0may  be  thrown  out  of  solution  by  salts.  The  ethyl  ester  boils  at 

«^C  calcium  salt,  (C4H7G2)2Ca  f-  H20  (A.  213,  67),  yields  brilliant  leaflets,  and 

'  s  ,n  hot  than  in  cold  water  (in  3.5  parts  at  1 50 1 ;  therefore  the  latter 

grows  turbid  on  warming. 

ni2?i  Ii8<S>Utyric  Acid’  (CH,)t.  CH  .  C02H,  dimethyl  acetic  acid 
L  ropan-acid],  is  found  free  in  carobs  ( Ceratonia  siliqua ), 


248 


ORGANIC  CHEMISTRY. 


as  octyl  ester  in  the  oil  of  Pastinaca  sativa,  and  as  ethvl  ester  in 
croton  oil.  It  is  prepared  according  to  the  general  methods  (p  2L\ 
while  concentrated  nitric  acid  converts  it  into  dinitroprofiane) p  ill) 
Potassium  permanganate  oxidizes  it  to  a-oxyisobutyric  acid.  ’  5 h 

with°waUteyrriC  ““  b“B  ^  Simikrity  t0  DOrmal  butyric  acid>  but  *  not  miscible 
water6  CalaUm  Salt*  (Q^O^Ca  +  5H20,  dissolves  more  readily  in  hot  than  in  cold 

Valeric  Acids,  C5H10O2.  There  are  four  possible  isomerides 
(compare  table,  p.  246)  : 

rr|U  Normal  Valeric  Acid,  n - Propylacetic  Acid  [Pentan-acidl,  CH,.  (CH,),.  - 
COjH,  is  formed  according  to  the  usual  methods  (p.  239).  3  v  2  3 

•  °ydinary  va^er^c  acid,  or  baldrianic  acid,  occurs  free,  and  as  esters 
in  the  animal  and  vegetable  kingdoms,  chiefly  in  the  small  valerian 
root  (  aleiiana  officinalis ),  and  in  the  root  of  Angelica  Archangelica , 
rom  which  it  may  be  isolated  by  boiling  with  water  or  a  soda  solution, 
t  is  a  mixture  of  isovaleric  acid  with  the  optically  active  methyl-ethyl 
acetic  acid  and  is  therefore  also  active.  A  similar  artificial  mixture 
may  be  obtained  by  oxidizing  the  amyl  alcohol  of  fermentation 
(p.  127)  with  a  chromic  acid  solution.  Valeric  acid  combines  with 
water  and  yields  an  officinal  hydrate,  C5H10O2  -f-  H20,  soluble  in  26.5 
parts  of  water  at  150.  1 

.(f)  A®?Tv.a^e/rAc  Isopropyl  Acetic  Acid  [3  Methylbutan* 

aci  ],  (  H3)2.CH.CH2.  C02H,  may  be  synthetically  obtained  by 
some  of  the  methods  described  on  p.  240.  It  is  an  oily  liquid  with 
an  odor  resembling  that  of  old  cheese. 

CtOH^ru  Pepuangauatc  oxidizes  isovaleric  acid  to  /3-oxyisovaleric  acid,  (CII3)2.  * 
formlnr,™  1  L,2H'  •  yoncentrated  nitric  acid  attacks,  in  addition,  the  CH-group, 

_  j  ng  methyloxysuccmic  acid,  ft- nitroisovaleric acid,  (CH,),  .  C(NO,) .  CH,  C02H, 
^ft-dtmtropropanc,  (CHs)2C(N02)2  (B.  r5,  2324)!  ^  th  1 

upon  water  Ah™  tf  generally  have.a  greasy  touch.  ’  When  thrown  in  small  pieces 
(C  II  O  1  li,  ^n,aVe  a,r°tary  mot'on,  dissolving  at  the  same  time.  Barium  salt, 
needles  '  The  ^  (C5H902),Ca  +  3H20,  stable,  readily  soluble 

»h=n  U,,  soluUoo  U  ^  '”ge’  briWa"‘  k 

(3)  Methyl-ethyl  Acetic  Acid,  [tt-Methyl.buUn-cld],  rCJJ>>  CH.CO.H, 

exist  in  two^pd^Hy  active and,.lik<:  lt?  corresponding  alcohol  (p.  127); 
inactive  form  has  been  svntW;  i°ne  °Pt,cal|y  inactive  modification.  The  optically 
salts  into  its  optically  active  mm,  ’  an<^  bas  a,so  been  resolved  by  means  of  its  brucine 

specific  rotatory  power  of  VtheCoDtSr°inentS‘ •  The  bsalt  dissolves  with  difficulty.  1  lie 

y  P  er  ot  the  optically  active  methyl-ethyl  acetic  acids  is  : 

0]d  =  ±  17.85°  (B.  29,  52). 

Calcium  salt,  (C  H902)2Ca  +  5H20. 

An  optically  active  *' 

valeric  acid,  together  with  isopronvbnrfr  C’d  ‘S,  P1"656?1  in  tbe  naturally  occurring 
crystallizing  power  of  its  salts  it  V"  tlC  ac’d>  but  in  consequence  of  the  slight 
acid  (A.  204.  159).  and  is  obtained  hvStKn<>t  isolated  from  the  isopropyl-acetic 

tion  (see  above).  y  tle  oxidation  of  the  amyl  alcohol  of  fermenta- 
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,4)  Trimethyl  Acetic  Acid,  (CH3)3C  .  C02H  (Pivalic  acid),  [Dimethylpropan- 
acid],  is  formed  from  tertiary  butyl  iodide,  (CH3)3CI  (p.  140),  by  means  of  the 
cyanide,  also  by  the  oxidation  of  pinacoline  (p.  216).  The  acid  is  soluble  in  40 
parts  H,0  at  20°,  and  has  an  odor  resembling  that  of  acetic  acid. 

Barium  salt ,  (CjH302)2Ba  -j~  5H20.  Calcium  salt ,  (C3H302)2Ca  -j-  5^2^* 


HIGHER  FATTY  ACIDS. 

The  subjoined  table  contains  the  melting  and  boiling  points  of  the 
higher  fatty  acids,  beginning  with  those  containing  six  carbon  atoms. 
The  boiling  points  enclosed  in  parentheses  were  determined  under 
100  mm.  pressure : 


Name. 


n-Hexoic  Acid,  n-Caproic  Acid, 
Isobutyl  Acetic  Acid  (B.  27, 

R.  191),  ....... 

Sec.  Butyl  Acetic  Acid  (B.  26, 

R-93I), . \  . : 

Diethylacetic  Acid, . 

Methyl-n-propyl  Acetic  Acid,  . 
Methyl-isopropyl  Acetic  Acid, 

Dimethyl-ethyl  Acetic  Acid,  . 

n-Heptoic  Acid,  Oenanthylic 
Acid, . ' 

Methyl-n-butyl  Acetic  Acid,  . 
Ethyl-n-propyl  Acetic  Acid,  . 

Methyl-diethyl  Acetic  Acid,  . 

“  Octoic  Acid,  Caprylic  Acid,  . 

-  onoic  Acid,  Pelargonic  Acid, 

“Lapric  Acid, . 

n-Dndecylic  Acid, . 

n -Laurie  Acid, . 

n  T  ridecylic  Acid, . 

n  Myristic  Acid, . 

n-Pentadecatoic  Acid  (B.  27, 
R.  191), . 

n-Palmitic  Acid . 

n-Margaric  Acid, . 

n-Stearic  Acid, . 

Di-n-octyl  Acetic  Acid,  .  .  . 

n-Arachidic  Acid, . 

Behenic  Acid, . 

Cerotic  Acid, . 

Melissic  Acid, . . 


Formula. 


CH3.(CH2)4C02H 
(CHs)2CH[CH2]2C02H 
(C2H5)  CH3)CHCH2 .  co2h 
§S:>CH-CO,H 
q2;>chco,h 
(CH,W 

^CCOjH 

c2h/ 

CH3(CH2)5C02H 

p  23>CH  •  C°2H 

Wn9 

C,H5>CH .  COjH 


:,HT 

CH 


3\ 


C.CO,H 


(C2H5)/^ 
CH3(CH2)6C02H 
CH3(CH2)7C02H 
CH3(CH2)8C02H 
CH3(CH2)9C02H 
CH3(CH2).0CO..H 
CH3(CH2^nC02II 

ch3(ch2)12co2h 

CHs(CH2)13C02H 

CH3(CH2)mC02H 

ch3(ch2),5co2h 

CHs(CH2),6C02H 

[CHs(CH2)t]2CHC02H 

^20 1  *  40^2 


22^44^2 

25^50^2 


C  H 


,0, 


M.  P. 


-f  8° 


—14° 


—10.5 


16. 5° 
1 2.  5° 

3,-4° 

28.5° 

43-5° 

40-5° 

53-8° 

Si° 

62° 

59-9° 

69.2° 

38-5° 

75° 

83° 

78° 

90° 


B.  P. 

205° 

I980 

1 74° 
190° 

1910  . 

187° 


223° 

210° 

209° 


208° 


237° 

2540 

270° 

(2  I  2. 5°) 

(225°) 

(236°) 

(220.50) 


(260°) 

(278.5°) 

(280.5°) 

(291°) 
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The  normal  fatty  acids  in  the  preceding  list,  havine  an  even  , 
of  carbon  atoms,  occur  almost  exclusively  in  the  ,  n“™ber 

which  are  chiefly  glycerides  of  these  adds!  palm,  1  ' 

acids  possess  great  technical  importance.  ric 

Caproic  Acid,  n -Hexylic  Acid,  CHs(CH2)4C04H  occurs  in 
orm  of  its  glycerol  ester  in  cow’s  butter,  goat  butter,  and  in  cocoanut  oil 
It  is  produced  together  with  butyric  acid,  in  the  butyric  fermentation' 
Oenanthyhc  Acid,  n -Heptylic  Acid,  CH3(CH2)5C02H,  can  easily 
De  obtained  as  an  oxidation  product  of  oenanthol  { p.  196). 
Caprylic  Acid,  n -Octoic  Acid,  CH3(CH2)6C02H,  occurs  as  glycerol 

ester  in  goat  butter  and  in  many  fats  and  oils;  also  in  the  fusel-oil  of 
wine. 


elargomc  Acid,  n -nonoic  acid ,  CH3(CH2)7C02H,  is  present  in  the  leaves  of 
e  arg°*uum  roseurn ,  and  is  prepared  by  the  oxidation  of  oleic  acid  and  oil  of  rue 
( methyl -n-nonyl  kvtone,  p.  216).  It  may  also  be  obtained  by  the  fusion  of  undecyl- 
enic  acid  with  potassium  hydroxide. 

Capric  Acid,  n  Decyhc  Acid ,  CHa(CH2)8C02H,  is  present  in  butter,  goat  butter, 
in  cocoanut  oil  and  in  many  fats,  and  as  amyl  ester  in  fusel  oil.  It  is  the  first  normal 
acid  that  is  solid  at  the  ordinary  temperature. 

n-Undecylic  Acid,  CH3(CH2)9C02H,  is  obtained  by  reduction  of  undecylenic 
acid  from  castor  oil.  2  J 

Laurie  Acid,  n  Dodecylic  Acid,  CH3(CH2)10CO2H,  occurs  as  glycerol -ester  in 

e  lruit  of  Laurus  nobihs ,  and  in  pichurium  beans.  It  is  found  as  cetyl  ester  in 
spermaceti. 

Myristic  Acid,  n -Tetradecylic  Acid ,  CH3  .  (CH2)12C02H,  occurs  in  muscat  butter 
'  rom  Mynstica  moschata),  in  spermaceti  and  oil  of  cocoanut,  in  myristin  (B.  18, 
2011  ;  19,  1433).  in  earth-nuts  (B.  22,  1743),  in  ox -bile  (B.  25,  1829),  and  as  free 

acid,  as  well  as  methyl  ester,  in  iris  root  (B  26,  2677). 

Palmitic  Acid,  n -Hcxadecylic  Acid,  CH3(CH2)hC02H;— The 
g  ycerol  ester  of  this  acid  and  that  of  stearic  acid  and  oleic  acid  con¬ 
stitute  the  principal  ingredients  of  solid  animal  fats.  Palmitic  acid 
occurs  in  rather  large  quantities,  partly  uncombined,  in  palm  oil. 

permaceti  is  the  cetyl-ester  of  the  acid,  while  the  myricyl  ester  is  the 

tab?  constltll.ent  of  beeswax.  The  acid  is  most  advantageously  ob- 

_  r  ,  0  1.ve1°1.  ’  which  consists  almost  exclusively  of  the  glycerides 

£tlvrerirL1C£fnd  e!c. acids  (see  latter)  ;  also,  from  Japanese  beeswax,  a 

made  bv  mi"C,aCid  (B-  «.  ««5).  The  acid  is  artificially 

™ «heJ  e/!?'^gwetyi  alcoho1  with  soda  lime  to  a7o°;  also  by  fusing 
together  oleic  acid  and  potassium  hydroxide 


Margaric  Acid  C  H  n  a  t* 

made  in  an  artificial  way  bv  boiW  n?1  ,aBPar.en,1y  ,exist  naturally  in  the  fats.  I 

y  g  cetyl  cyanide  with  caustic  potash. 


wiApalmUk  a’tfd  Side  a ttZ‘t  A‘U’  is  associated 

—the  tallows.  Its  name  is  deriwHf*®4  glycende  in  soIld  anima 
_  18  denved  from  crlap  =  tallow. 

Arachidic  Acid,CIL(CH^  CO  TT  .  \ 

It  has  been  obtained  synthetically  from  °Cfurs  m  earth-nut  oil  (from  Arackis  hypog<?a’‘ 
stearyl  aldehyde)  (B.  17,  R.  57oj  pnraC^®,acetic  ester  and  octodecyl  iodide 


I  .  ,  ,  ,  17,  R.  570 1  ester  and  octodecyl  iodide  v*'". 

B.  29,  R.  852.  Theobromic  Acid  deriv«)i0<rUCtS  ^er'ved  from  arachidic  acid,  se® 
appears  to  be  identical  with  arachidic  acid ^  ,r°m  CaCa°  butter>  melts  at  72°>  3°a 
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C16H.ls.  CO.  CII3,  and  this,  by  oxidation,  passes  into  palmitic  acid ,  C^H^COjH, 
and  acetic  acid,  etc. : 


CnH^COO^g 

C„Hs5COO>ba 

Barium  Stearate 

CiflHgsCOO^  ga 
CwHgjCOO^ 
Barium  Margarate 


(CH3CO»)2Ba 


>  cI6h„coch, 


Cr03 


^  1  e  ^  IgsCOjH 
Margaric  Acid 

>•  CwH#lCOjH 

Palmitic  Acid. 


A.  W.  Ilofmann  (B.  19,  1433)  discovered  the  second  method.  It  will  be  treated 
more  fully  in  connection  with  the  acid  amides  and  nitriles  (p.  266).  1  lie  presenta¬ 

tion  of  its  course  by  diagram  will  only  lie  given  here.  When  the  acid  amides  are 
treated  with  bromine  and  caustic  potash  they  split  oft  CO  in  the  form  01  LO,  and 
pass  into  the  next  lower  primary  amines,  which  by  further  treatment  with  the  same 
reagents  become  the  nitrile  of  a  carboxylic  acid  containing  an  atom  less  of  carbon,  and 
its  amide  is  still  capable  of  a  like  transformation.  By  this  method  the  lug  ler,  more 
easily  obtained  normal  fatty  acids  can  be  transposed  into  lower  acids  : 


C,jIIj7CONII, 

Mynstamide 


>c,sh,7nh,- 

Tridecylamine 


>  C1sH,5CN  - 

Tridecyltiitrile 


CjjHjjCONH, 

Tridecylamide. 


(4)  Action  of  iodine  upon  silver  salts  :  silver  acetate  yields, 
the  acetic  methyl  ester;  silver  capronate  yields  CO,  and  caproic 
581 ;  26,  R.  237): 


in  addition  to  CO,, 
amyl  ester  (B.  25,  R. 


2CH3CO,Ag  +  I,  =  CIIsCO,CHs  +  CO,  +  2AgI. 


TECHNICAL  APPLICATION  OF  THE  FATS  AND  OILS. 

Animal  fats,  especially  sheep-tallow  and  beef-tallow,  the  nature  of 
which  was  made  clear  by  the  classic  researches  of  Chevreul  in  the  begin 
ning  of  this  century,  consist  mainly  of  a  mixture  of  glycerol  esteis  0 
palmitic ,  stearic ,  and  oleic  acids,  which  are  commonly  called  pahnitub 
stearin,  and  olein.  They  have  been  used  in  the  preparation  ot  n>  1 
ficial  butter  (margarine),  in  the  manufacture  of  stearin  candles,  soaj •'* 
and  plasters  from  the  acid  residues  present  in  them,  and  for  tbe  ,Ml  ,l 
tion  ot  glycerol,  which  is  used  in  part  as  such  and  in  part  in  the  h»n‘ 
of  nitroglycerin.  Palm  fat,  cocoanut-oil,  and  olive  oil  are  also  used 
as  raw  material. 

1  he  so-called  stearin  of  candles  consists  of  a  mixture  of  stearic  an 
palmitic  acids.  For  its  preparation,  beef-tallow  and  suet,  both  so  1 
fats,  are  saponified  with  calcium  hydroxide  or  sulphuric  acid,  or  w 
superheated  steam.  I  he  acids  which  separate  are  distilled  with  sup1 
heated  steam.  The  yellow,  semi-solid  distillate,  a  mixture  of  stea”c> 
palmitic,  and  oleic  acids,  is  freed  from  the  liquid  oleic  acid  by  press* nr 
it  between  warm  plates.  The  residual,  solid  mass  is  then  fused  / 
gether  with  some  wax  or  paraffin,  to  prevent  crystallization  occurring 
when  the  mass  is  cold,  and  molded  into  candles.  . 

1.  urn  ,  ats  ar5  saponified  by  potassium  or  sodium  hvdroxu  * 
s  .  lc  a.^  acids  soaps — are  produced,  e.g.,  sodium  palnuta  > 

according  to  the  equation  ;  *  * 
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derivatives  of  the  acids. 

.  rH  CH. .  OH 

Kkv SN-OH  =  CH .  OH  +  3CH1(CH,)l.CO,N.. 

CHjO  .  CO(CHj  ,M  •  CHS  ^Glycerol  +  Sod.  Palmitate. 

Palmitin 


Be  sodium  salts  are  solids  and  hard,  while  those  with  potassium 
3it  soft.  Salt  water  will  convert  potash  soaps  into  sodium  soaps. 
In  small  quantities  of  water  the  salts  of  the  alkalies  dissolve  com- 
. ktelv,  but  with  an  excess  of  water  they  suffer  decomposition,  some 
alkali  and  fatty  acid  being  liberated.  The  action  of  soap  depends  on 
this  feet  (B.  29,  1328).  The  remaining  metallic  salts  of  the  fatty 
acids  are  sparingly  soluble  or  insoluble  in  water,  but  generally  dissolve 
m  alcohol.  The  lead  salts,  formed  directly  by  boiling  fats  with 
•  tharge  and  water,  constitute  the  so-called  lead  plaster. 


se  carnal  fats  almost  invariably  contain  several  fatty  acids  (frequently,  too,  oleic 
77"  ,,  °.  seP?rate  them,  the  acids  are  set  free  from  their  alkali  salts  by  means  of 
v-'oM*  0rij. ac'd  and  tken  fractionally  crystallized  from  alcohol.  The  higher,  less 
''  _a.c'^s  ^parate  out  first.  The  separation  is  more  complete  if  the  acids  be 
ag>"Kmm *  ipitated.  The  free  acids  are  dissolved  in  alcohol,  saturated  with 
naenesrnm  h  and  aQ  alcoholic  solution  of  magnesium  acetate  added.  The 

the  solution  a'  ^.*^er  ac'd  will  separate  out  first ;  this  is  then  filtered  off  and 

the  several  fr^^n  Prec'Pltated  with  magnesium  acetate.  The  acids  obtained  from 
bastion,  the  ^  Su^ectec^  anew  to  the  same  treatment,  until,  by  further  frac- 
The  meltinp  r^C  f  Qf  P°'nt  tke  ac*d  remains  constant — an  indication  of  purity. 
P°>M$  of  bo‘h«r!a  °#  if  mixture  °f  two  fatty  acids  is  usually  lower  than  the  melting 
UDoliS™  ft?  Same  5S  the  Case  with  all°fs  of  the  metals). 
or  W0°l  is  used  in  medicine.  j 


DERIVATIVES  of  the  acids. 

^  s*  ESTERS  of  the  fatty  acids. 

1  resnertQ^x?^  or§anic  acids  resemble  those  of  the  mineral  acids  in 


all  respects  fn  '  "V6“UI'"  acias  resemble  th 

Methods  nf  fnc^  are  PrePared  by  analogous  methods. 

hereby  water  ^}1}atlon •  (O  By  direct  action  of  acids  and  alcohols, 

*  t'ater  is  formed  at  the  same  time  : 

Th.s  C,Hs  • 0H  +  •  OH  =  C,H5 . 0 .  CsHsO  +  HaO. 

it^buHt 'is^evff  ralreaidr  StaT^d’  °.nly  takes  place  slowly  (p.  137);  heat 
cid  be  employed,  there  winner  f  r*  a  ™lxtare  of.  bke  equivalents  of  alcohol  and 
t  ®  wih  prevail  when  the  e  t  Uf  a  Unle  In  tbe  acti°n  when  a  condition  of  equilib- 
^s>®ult4ously  in'  Kr/°rmaUOn  Cease’  and  both  acid  and  alcohol  will 

^‘be  reaction  is  ver^Sk?  1  u'*'***  This  ensues  because  the  heat  modulus 
bemistry,  and  under  JSehdv ' acc.ordance  with  the  principles  of  thermo- 
l  rse — i.  <?.,  the  ester  is^dernm  *  '  'f\  concbtions,  the  reaction  pursues  a  reverse 
j£*  ,s  generated  when  thevTcH^  iby,  Tre  water  into  alcohol  and  acid,  since 
|t  themselves.  With  exrp«  f  by  the  water.  Both  reactions  mutually 

^th  excess  of  acid  more  alcohol^  TW^’  m°re  acid  can  be  chanSed  to  ester,  and 

P'd  if  the  reaction  produc  ts  1  be  formation  of  the  esters  is  more  complete  and 
P  Cts  are  assiduously  withdrawn  from  the  mixture.  This 
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may  be  effected  either  by  distillation  (providing  the  ester  is  readily  volatile 
combining  the  water  formed  with  sulphuric  or  hydrochloric  acid,  when  th  °l  ^ 
modulus  will  be  appreciably  augmented  (A.  21 1,  208).  The  action  of  the  l  ^ 
upon  the  carboxyl  group  may  be  supposed  to  take  place  in  that  at  first  there 
addition  of  alcohol,  with  the  formation  of  a  monoalkyl  ether  of  the  ortho  add' *  ^ 
subsequently  a  splitting-off  of  water.  The  hydrochloric  acid  facilitates  this  in  i|"! 
it  rearranges  itself  with  the  ortho-acid.  The  resulting  chloride  then  decormy 
spontaneously  into  the  ester  and  hydrochloric  acid  (Henry,  B.  10,  2041):  JSes 


CH. 


JO 
c S 
•  v'\ 
xOH 


C8h6oh 


>  CH3C-O 


/O  .  C2H5  HC1 


II 

V>.  H 


/OC2h5 


->  CH,C-OH 


\ 


Cl 


/OCjH.. 
>  CH.c/ 

N) 


We  practically  have  from  the  above  the  following  methods  of 
preparation :  (a)  Distil  the  mixture  of  the  acid  or  its  salt  with  alcohol 
and  sulphuric  acid.  ( b )  Or,  when  the  esters  volatilize  with  difficulty, 
the  acid  or  its  salt  is  dissolved  in  excess  of  alcohol  (or  the  alcohol  in 
the  acid),  and  while  applying  heat,  HC1  gas  is  conducted  into  the 
mixture  (or  H2S04  added),  and  the  ester  precipitated  by  the  addition 
of  water.  ( c )  The  acid  nitriles  can  be  directly  converted  into  esters 
by  dissolving  them  in  alcohol  and  heating  them  with  dilute  sulphuric 
acid  (p.  267).  In  the  case  of  many  acids,  a  low  percentage  of  alco¬ 
holic  hydrochloric  acid  has  shown  itself  as  particularly  well  adapted 
for  esterification  purposes  (B.  28,  2201,  221=5,  12=52:  compare  esters 
of  aromatic  carboxylic  acids). 


Berthelot  has  executed  more  extended  investigations  upon  the  ester  formation. 
These  are  of  great  importance  to  chemical  dynamics.  Proceeding  from  the  simp  e 
assumption  that  the  quantities  of  alcohol  and  acid  combining  in  a  unit  of  time  ( spe 
of  reaction)  are  proportional  to  the  product  of  the  reacting  masses,  whose  quantity 
regularly  diminishes,  Berthelot  has  proposed  a  formula  ( Annalen  chitn.  fthis.,  1  * 
by  which  the  speed  of  the  reaction  in  every  moment  of  time,  and  its  extent,  can 
calculated,  van’t  Hoff  has  deduced  a  similar  formula  (B.  10,  669),  which  C«u  er 
_  aaSe  and  Thomsen  pronounce  available  for  all  limited  reactions  I0*  . 

or  a  tabulation  of  the  various  calculations  relating  to  this  matter,  see  B.  I7>  r1'  ’ 
*9*  I7<X).  Of  late,  Menschutkin  has  extended  the  investigations  upon  ester  l’r 
10ns  to  the  several  homologous  series  of  acids  and  alcohols  (A.  195*  334* an<  „ 
l?H  B-  *5. 1445  and  1572 ;  21,  R.  41).  It  has  been  found  that  the  normal*  prim*  - 
tinn  °  S  (met^  alcohol  excepted)  possess  the  same  speed  of  reaction.  *  ie  '  ^ 
-l  *1*  mc\re.  reactive  than  the  others.  The  secondary  alcohols  are  esteune  ^ 
Formic  an  Case  °f  t*le  ternary  alcohols  this  process  proceeds  very  s  uFp  .  ' 

hoZ  om,C  ,S  TT\  reactive  than  acetic,  and  the  latter  more  so  than  the  succeeding 
larger  *  Irf’  "-a  1  W^IC^  speed  °f  esterification  diminishes  as  the  molecu  jty 

is  the  greatest^  Wler?  a  Primary  alkyl  is  in  union  with  carboxyl,  the  initm  -s 

- the  iowest  in,ual  vel 

( 2^C are  noteworthy  methods  of  formation  :  0f 

the  organic  acMsT111  °f  the  alkyl  esters  of  mineral  acids  wlth  Sa 

adds :  By  tHe  aCtl0n  of  the  a^ylogens  (I)  upon  salts  (Ag)  °f  th 


+  CII3O  .  OAg  = 


Cl  1,0 

c2h5 


>0  -f-  Agl. 


ESTERS  of  the  fatty  acids. 
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..  Bl,  the  dry  distillation  of  a  mixture  of  the  alkali  salts  of  the 

and  sis  of  alkyl  sulphates: 

S0,<£  ’  I?8*  +  CI,»°  ■  0K  =  +  cn'b''0' 


By  the  action  of  acid  chlorides  (p.  257)  or  acid  anhydrides  (p. 
25 y)  on  the  alcohols  or  alcoholates : 

a.  CH,0 .  G  +  ^2^5  •  OH  = 

b.  CjHjOH  +  (CHjCO)jO  =  CIIjCOOC3H5  4  CH3COOH. 


(4)  Electrosyntheses  of  monocarboxylic  esters  (p.  240). 

Properties. — Usually,  the  esters  of  fatty  acids  are  volatile,  neutral 
liquids,  soluble  in  alcohol  and  ether,  but  generally  insoluble  in  water. 
Many  of  them  possess  an  agreeable  fruity  odor,  are  prepared  in  large 
quantities,  and  find  extended  application  as  artificial  fruit  essences . 
Nearly  all  fruit-odors  may  be  made  by  mixing  the  different  esters. 
The  esters  of  the  higher  fatty  acids  occur  in  the  natural  varieties  of 
wax. 

Consult  B.  14,  1274;  A.  218,  337  ;  220,  290,  319  ;  223,  247,  upon 
the  boiling  points,  the  specific  gravities  and  specific  volumes  of  the 
fatty  acid  esters. 

Transformations. — (1)  When  the  esters  are  heated  with  water  they 
sustain  a  partial  decomposition  into  alcohol  and  acid.  This  decom¬ 
position  ( saponification )  (p.  112)  is  more  rapid  and  complete  on  heat 
irig  with  alkalies  in  alcoholic  solution  : 


CjH,0 .  O .  C2H5  4  KOI!  =  C2II30  .  OK  4  C2H5 .  OH. 

Consult  A.  228,  257,  and  232,  103 ;  B.  20,  1634,  upon  the  velocity  of  saponifica- 
«on  by  various  l>ases. 

(2)  Ammonia  changes  the  esters  into  amides  (p.  262)  : 

CjHjO  .  O  .  C2H5  4  NH3  =  C2Ii3 . 0  .  NH2  4  C2H5 .  OH. 

(-3)  The  haloid  acids  convert  the  esters  into  acids  and  haloid-esters  (A.  21 1,  178)  7 


CjHjO  .  O  .  C2H5  4  HI  =  C2H30  .  OH  4  C2H5I. 

l/4  \y  the  action  of  PC15  the  extra-radical  oxygen  is  replaced  by  chlorine,  and 
radicals  are  converted  into  haloeen  derivatives.  Compare  oxalic  ester  for  the 
course  of  this  reaction  : 


CjH3o  .  0 .  c2h5  4  pci5  =  c2n3o .  ci  4  c2n5ci  4  poci3. 

(5)  The  esters,  containing  alcohol  radicals  with  high  molecular  weight,  break 
0W">  when  heated  or  distilled  under  pressure,  into  fatty  acids  and  olefines  (p.  92b 
Outers  of  Acetic  Acid.— The  Methyl  Ester ,  Methyl  Acetate,  C2H302  .  CHS, 
crude  wood-spirit,  boils  at  57. 50,  and  has  a  specific  gravity  of  0.9577  ®to. 
en  chlorine  acts  upon  it  the  alcohol  radical  is  first  substituted  :  C2H302  •  C-H2C1 
,at  L5°°  5  C2! I3C )  .  CHC12  boils  at  148°.  .  _  . 

Oo  .  le  Ethyl  Ester ,  Kthyl  Acetate — Acetic  Ether — C2H„02  .  C2H5,  boils  at  77  •  1 
,  8P  Rr-  e<iuals  0.9238.  It  is  technically  prepared  from  acetic  acid,  alcohol,  and 
sulphuric  acid.  It  is  the  officinal  Ait  her  acetic  us.  It  is  the  starting-point  for  the 
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production  of  aatoacetic  aUr,  CH„ .  CO .  CH, .  CO, .  C,H„  a  factor  in  the  formation 
of  anUpynne .  vluldU°n 

Chlorine  produces  substitution  products  of  the  alcohol  radicals.  The  , 

boils  at  ioi0.  The  isopropyl  ester  boils  at  910.  *  propyl  ester 

n- Butyl  ester  boils  at  124°.  The  isobutyl  ester  boils  at  1 16°,  the  secondary  butvl 
ester  at  ill0,  and  the  tertiary  at  96°.  J  ^ 

The  Amyl  Ester  boils  at  148°;  n-propyl-methyl  carbinol  acetate,  (CH.CH  CH  V 
(CH3)CHO.  CO  .CHs,  at  1330,  and  isopropyl  methyl  carbinol  acetate  at  125°  At 
2000  it  splits  up  into  amylene  and  acetic  acid.  Isobutyl  carbinol  acetate ,  the 
acetic  ester  of  amyl  alcohol  of  fermentation,  boils  at  140°.  A  dilute  alcoholic  solution 
of  it  has  the  odor  of  pears,  and  is  used  as  pear  oil. 

Acetic -n- Hexyl  Ester  occurs  in  the  oil  of  Heracleutn  giganteum.  It  boils  at  169- 
170°  and  possesses  a  fruit-like  odor.  ‘  Acetic-n-octyl  ester  is  also  present  in  the  oil 
of  Heracleum  giganteum.  It  boils  at  207°  and  has  the  odor  of  oranges. 

The  allyl-ester boils  at  98-100°. 

For  higher  acetic  esters,  see  A.  233,  260. 

Orthoacetic  Ester,  CH3  .  C(0  .  CaH6)3,  boiling  at  132°,  is  produced  on  warming 
a-tnchlorethane  or  methyl  chloroform,  CH3 .  CC13  (p.  103),  with  sodium  ethylate  in 

ethereal  solution. 

b  urthermore,  the  addition  products  of  the  aldehydes  and  acetic  anhydride  are  the 
acetic  esters  (p.  191)  of  those  glycols  not  capable  of  existing  in  a  free  condition. 
The  aldehydes  are  probably  the  anhydrides  of  these  bodies. 

Later,  in  the  presentation  of  the  polyhydric  alcohols  their  acetic  esters  will 
always  be  mentioned,  for  by  their  saponification  a  clue  can  be  obtained  as  to  the 
number  of  hydroxyl -groups  present  in  the  alcohol. 

Esters  of  Propionic  Acid. — The  methyl  ester  boils  at  79. 5°.  The  ethyl  ester 
boils  at  98.8°.  The  n -propyl  ester  boils  at  122°  ;  the  isobutyl  ester  at  137°  >  ant^  die 
isoamyl  ester  at  160°  ;  the  latter  has  an  odor  like  that  of  pine-apples.  (See  A.  233* 
253-) 

Esters  of  n-Butyric  Acid. — Methyl  Ester  boils  at  102. 30,  and  has  an  odor  like 
that  of  rennet.  The  ethyl  ester  boils  at  120.9°,  has  a  pine-apple-like  odor,  and  is 
employed  in  the  manufacture  of  artificial  rum.  Its  alcoholic  solution  is  the  artilicia 
pine-apple  oil. 

rhe  n -propyl  ester  boils  at  143°  ;  the  isopropyl  ester  at  128°.  The  isobutyl  ester 
boils  at  157°.  The  isoamyl  ester  boils  at  178°,  and  its  odor  resembles  that  of  pears- 
i  he  n -hexyl  ester,  boiling  at  205°,  and  n -octyl  ester,  boiling  at  244°.  are  found  in  tne 
oil  obtained  from  various  species  of  Heracleum  (see  above)  and  the  octyl  ester 
Pastinaca  saliva  (A.  163,  193  ;  166,  80  ;  233,  272).  r  rj 

Methyl  Isobutyric  Ester  boils  3192.3°.  Ethyl  Isobutyric  Ester,  C4H702  - 
bo.Lat  no°f  n- Propyl  Ester  boils  at  135°  (A.  218,  334). 

Esters  °f  the  Valeric  Acids.— n-  Valeric  Ethyl  Ester  boils  at  144°  (A-  233>  2'4' 
E-terr- boils  at  I35°-  i-  Valeric  Isoamyl  Ester  boils  at  194  •  , 

Ethyl  I,lr  Uilf  w  ^  ^  at  '33  5°  (A.  i95,i*o).  Tnmtth,! 

Acids.— n -H.-'thyl  ,Uer  boils  at  16  f. 

207-^8°  ^A0  fSter  boils  at  187-188°.  n-Octoic  Ethyl  Ester  hod5  £ 

Ethyl  Ester  S8*!'  ,  n  Nonoic  Ethyl  Ester  boils  at  227-228°.  nC*£L,t 
of  the  fusel  oil  of  wi'ne  1  decomP°sition>  at  275-290°  ;  it  is  the  principal  cons 

and^faf^1  b°US  at  269°*  Myristic  Ester  mC,tS  * 


Spermaceti  and  the  Waxes. 

formed  in  snermaret'*  W  molecular  weights  o< 

m  spermaceti  and  the  waxes.  This  fact  has  b 


already 

noted  iJ1 


acid  haloids. 
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•tL  the  corresponding  alcohols  and  acids.  The  waxes 
connection  wi  fats  jn  t£at  thev  consist  of  esters  of  mono- 

high  molecular  weight,  whereas  the  fats  are  the 

ThetwnV  alcohol,  glycerol  Spermaceti  belongs  to  the 

^Spermaceti  (Otaccum,  Sfcrma  Cell)  occurs  in  the  oil  from  pecu¬ 
liar  Cities  in  the  heads  of  whales  (particularly  Physcter  macro- 
lebkaks),  and  upon  standing  and  cooling  it  separates  as  a  white  crys- 
talline  mass,  which  can  be  purified  by  pressing  and  recrystal lizati on 
from  alcohol.  It  consists  of  Cetyl  Palmitic  Ester,  C16H31CV- 
C*Hc.  which  crystallizes  from  hot  alcohol  in  waxy,  shining  needles 
or  leaflets,  and  melts  at  490.  It  volatilizes  undecomposed  in  a 
vacuum.  Distilled  under  pressure,  it  yields  hexadecylcne  and  palmitic 
acid.  When  boiled  with  alcoholic  caustic  potash  it  becomes  palmitic 
acid  and  cetyl  alcohol. 


Ordinary  beeswax  is  a  mixture  of  cerotic  acid,  Cj.H^Oj,  with  Myricyl  Palmitic 
Ester,  .  C^Hq.  Boiling  alcohol  extracts  the  cerotic  acid  and  the  ester 

mynciH  remains  (A.  224,  225). 

Consult  A.  235,  106,  for.  other  constituents  of  beeswax. 

Camauba  wax,  from  the  leaves  of  the  carnuba  tree,  melts  at  83°.  It  contains  free 
ceryl  alcohol  and  various  acid  esters  (A.  223,  283). 

Chinese  wax  is  Ceryl  Cerotic  Ester,  C27HM02 .  C^H^.  Alcoholic  potash  de¬ 
composes  it  into  cerotic  acid  and  ceryl  alcohol. 


a.  ACID  HALOIDS,  OR  HALOID  ANHYDRIDES  OF  THE  FATTY  ACIDS. 

The  haloid  anhydrides  of  the  acids  (or  acid  haloids)  are  those 
derivatives  which  arise  in  the  replacement  of  the  hydroxyl  of  acids  by 
ia‘°gens;  they  are  the  halogen  compounds  of  the  acid  radicals.  I  hey 
a>e  been  termed  haloid  anhydrides,  because  they  can  be  viewed 
35  mixed  anhydrides  (p.  259)  of  the  fatty  acids  and  the  haloid  acids, 
corresponding  to  the  method  of  formation  (1)  of  the  acid  chlorides. 

Acid  Chlorides. — (1)  From  fatty  acids  and  hydrochloric  acid,  by 

means  of  P2Oa: 

P  O 

CH3 .  COOH  -{-  HC1 - — - >  CHS .  CO  Cl  +  H20. 

(2)  By  the  action  of  hydrochloric  acid  gas  upon  a  mixture  of  an 

acid  nitrile  and  a  carboxylic  acid  or  an  anhydride  at  o°.  1  he  hydro¬ 

chloride  of  the  acid  amide  is  produced  at  the  same  time  (B.  29, 

R.  87): 

CHjCN  -f  CHS .  COOH  +  2HCI  =  CHS  .  CONH2  .  HC1  +  CHS  .  COC1. 

(3)  By  the  action  of  chlorine  upon  aldehydes : 

CHS .  COH  +  Cl2  =  CHS .  COC1  +  HC1. 

(4)  A  far  more  important  method  of  formation  consists  in  letting 
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the  phosphorus  haloids  act  upon  the  acids  or  their  salts — just  as  the 
alkylogens  are  produced  from  the  alcohols  (p.  139)  : 

(a)  CH, .  COOH  +  PC15  =  CHS .  COC1  +  POCl3  +  HC1 

(/;)  3CH8 .  COOH  +  PC1S  =  3CII3 .  COC1  +  po3h8 

(,)  2CH8.  COONa  +  POCl3  =  2CH3  .  COC1  +  P08Na  +  NaCl. 

Should  there  be  an  excess  of  the  salt,  the  acid  will  also  act  upon  it  and  acid 
anhydrides  result  (p.  259).  The  action,  particularly  upon  the  salts,  is  very  violent. 

(5)  Carbon  oxychloride  and  thionyl  chloride  (see  malonyl  chloride)  act  upon  the 
free  acids  and  their  salts  the  same  as  the  chlorides  of  phosphorus.  Acid  chlorides 
and  anhydrides  are  produced.  This  method  has  met  with  technical  application  (B. 
17,  1285  ;  21,  1267) : 

CjH80  .  OH  +  COClj  =  C2H30C1  +  CO,  +  HC1. 


(6)  Acid  chlorides  are  also  produced  by  the  interaction  of  phosgene  and  zinc 
alkyls  (p.  240). 

Historical. — Liebig  and  Wohler  obtained  the  first  acid  choride  in  1832,  when 
they  treated  benzaldeliyde,  C6H5COH,  with  chlorine.  It  was  benzoyl  chloride.  C61I5- 
COC1,  the  chloride  of  the  simplest  aromatic  acid — benzoic  acid.  In  1846,  Cahours 
discovered  the  method  of  producing  aromatic  acid  chlorides  by  the  action  of  phos¬ 
phorus  pentachloride  upon  monocarboxyl ic  acids.  Acetyl  chloride  was  first  prepared 
in  1851  by  Gerhardt  (A.  87,  63)  by  treating  sodium  acetate  with  phosphorus  oxy¬ 
chloride. 

Acid  Bromides. — (1)  The  phosphorus  bromides  act  like  the  corresponding 
chlorides  upon  the  fatty  acids  or  their  salts.  A  mixture  of  amorphous  phosphorus 
and  bromine  may  be  employed  as  a  substitute  for  the  prepared  bromide. 

(2)  An  interesting  method  for  preparing  the  acid  bromides  consists  in  letting  a,r 
act  upon  certain  bromide  derivatives  of  the  alkylens,  whereby  oxygen  will  he 
absorbed.  An  intramolecular  atomic  rearrangement  (p.  52)  takes  place  (B.  I3> 
1980;  as,  3356): 

Unsym.  Dibromethylene,  CH,  =  CBr, - CH,Br .  COBr,  Bromacetyl  Bromide. 

Tribromethylene,  CHBr  =  CBr, - CHBr,  .  COBr,  Dibromacetyl  Bromide. 


Acid  Iodides. — Phosphorus  iodide  does  not  convert  the  acids  into  iodides  of  1 ie 
acid  radicals ;  this  only  occurs  when  the  acid  anhydrides  are  employed.  I  hey  are 
also  produced  by  the  interaction  of  acid  chlorides  and  calcium  iodide. 

Acid  Fluorides. — Acetyl  Fluoride  is  a  gas  with  an  odor  resembling  that  of  p  °s 
gene.  It  is  formed  in  the  action  of  AgF  or  AsF3  upon  acetyl  chloride.  Abe  e 
procedure  consists  in  allowing  acid  chlorides  to  act  upon  anhydrous  zinc  fluoride. 

Propionyl  Fluoride,  CH, .  CH,  .  COF,  boils  at  440. 


Properties  and  Transpositions. — The  acid  haloids  are  sharp-smell  m? 
liquids,  which  fume  in  the  air.  They  are  heavier  than  water,  sink  i> 
it,  and  at  ordinary  temperatures  (1)  decompose,  forming  acids. an 
halogen  hydrides.  The  more  readily  soluble  the  resulting  acid  is  11 
water,  the  more  energetic  will  the  reaction  be.  ,  ,v 

1  he  acid  chlorides  act  similarly  upon  many  other  bodies.  (2>l  ^ 

yield  compound  ethers,  or  esters,  with  the  alcohols  or  alcoholates  U 
253)-  (3)  With  salts  or  acids  they  yield  acid  anhydrides  (p-  259/’ 

and  (4)  with  ammonia,  the  amides  of  the  acids,  etc. '  > 

(5)  Sodium  amalgam,  or  better,  sodium  and  oxalic  acid  (B.  2,  9L  ’ 
will  convert  the  acid  chlorides  into  aldehydes  and  alcohols  (PP*  19 


axmviumdes. 


2  S9 


(f  'rw  yield  ketones  and  tertiary  alcohol*  when  treated 

v’  *  /  _  _ _  tf#  df  dltr^r 


arid  chlorides,  2' 4  by  carefully  distilling  a  mixture  of  acetic  acid 

;/4-v  aryl  PQt  ^2  parts).  Or,  beat  POO,  f 2  molecules)  with  acetic 
vA  (3  z>.  long  2$  HO  escapes,  then  distil  fA.  175,  37^- 

Tbe  atev.i  chloride  is  purified  by  again  distilling  over  a  little  dry 
v/i  era  acetate.  It  is  a  colorlm,  pungent'Smelling  liquid  which  has  a 
V/-/J-C  parity  of  1  130  at  o'5.  Water  decomposes  it  very  energetic- 
a,  y,  Per  its  transformations,  consult  the  preceding  paragraphs. 

Acetyl  chloride  forms chlorinated  acetic  acids  with  chlorine.  Com- 
V"  't  acetyl  acetone. 

Aceiy!  Bromide  Loik  at  Si*. 

Ac«tyt  kdid(  >oij*  atf 

ffoffeoyl  Chloride,  CHL.CH- .CO, Q,  boil*  at  *0*;  the  Irromide,  at  104*, 
**  '«  Mide at  127'-, 

Btstjfryl  C  blonde,  C4H/>,  Q,  ly,  k  at  101*.  Ahirmumm  chloride  change*  it  to 
'-'  ■T  's/X'fA  V'V*  tP.  27,  K.  y>7).  The  n- bromide  boil*  at  I2>.® ;  the  n-iodide  at 
'  V/Jkwi  amalgam  convert*  k  into  norma  1  botyl  alcohol.  Iaobutyryl 
Cfcwride,  'r,H,  .  ,CH  ,  CO  .Cl,  h/iH  at  92'';  the  bromide  at  1 16-1 18'C 

Iv.vattfyj  Chloride,  C,  HJ t ,  Cl,  boil*  at  113.5-114  5*;  tbe  bromide  at  143®, 
**i  he  Whfc  at  i6®* 

...  Tr™*kyt  A'etU  Chloride,  (CHt  Jl .  COO,  hoik  at  105-106®.  n- /  Chloride, 
'  ^  tsAUM  151-153**  Diethyta/etyl  Chlvridt,  (C-HAC f I COCI,  boiJ* 

‘  J?4~*37*.  /Jimelhybrthyl <u*tic  chloride,  (CHtUCtH.,C.  COCI,  boil*  at  132®. 

/r  -  fe.  17,  137%;  15,  2^2 ;  23,  2384,  for  the  tbKeide*  of  the  higher  fatty 


3  ACID  ANHYDRIDES. 


Hie  acid  anhydrides  arc  the  oxides  of  the  acid  radicals.  In  those 
'd  the  monobasic  acids  two  acid  radicals  are  united  by  an  oxygen 
j  they  are  analogous  to  the  oxide#  of  the  univalent  alcohol 
radicals— the  ethers. 

,  1  f*e  umpte  anhydride*,,  tbo*e  containing  two  timilar  radical*,  can  a*  a  general 
^  4hrfi  11*^1,  wbil^  th*r  tntxtd  fltobydrklet,  with  two  dtWiruWxr  radical*,  deccaii' 
P'Ae  when  t hm  treated,  into  two  wrrifAe  anhydride*  j 


Heste  they  are  not  **3 /a rated  ft'/rn  the  product  '/f  lie  reaction  (7  diatillali  >0,  1/ut  ar. 
^aw/ired  >*A  with  ether. 

Methods  of  Formation. — (taj  The  chloride*  of  the  acid  radi- 
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cals  are  allowed  to  act  on  anhydrous  salts— viz.,  the  alkali  salts  of  \h 
acids :  ‘  me 


C2HjO  .  OK  +  C,HjO .  Cl  = 


C,HsO  „ 
C,H,0>U  +  KCL 


{li)  The  anhydrides  of  the  higher  fatty  acids  can  be  produced  further 
action  of  acetyl  chloride  on  the  latter  (B.  io,  iSSl). 


by  the 


(2)  Phosphorus  oxychloride  (1  molecule)  acts  upon  the  dry  alkali 
salts  of  the  acids  (4  molecules).  The  acid  chloride  which  appears  in 
the  beginning  acts  immediately  upon  the  excess  of  salt : 


I  Phase:  2C,HS0  .  OK  -}-  POCl3  =  2C,H30  .  Cl  +  PO,K  +  KC1 
II  Phase :  C,H30  .  OK  +  C,HsO .  Cl  =  (C,Hs0),0  +  KC1. 

(3)  Phosgene,  CO  Cl,,  acts  like  POCl3.  In  this  reaction  acid  chlorides  are  also 
produced  (p.  258). 

(4)  A  direct  conversion  of  the  acid  chlorides  into  the  corresponding  anhydrides 
22(3  1  C)  e^ec*e<^  ky  permitting  the  former  to  act  upon  anhydrous  oxalic  acid  (A. 

2C,HsOC1  +  C,04H,  =  (C,Hs0),0  +  2HCI  -f-  CO,  +  CO. 

Historic  a!.  Charles  Gerhardt  (1851)  discovered  the  acid  anhydrides.  The  im¬ 
portant  beaung  of  this  discovery  upon  the  type  theory  has  already  been  alluded  to  in 
the  introduction.  J  J 


Pt ope t ties  and  Deportment. — The  acid  anhydrides  are  liquids  or 
solids  ot  neutral  reaction,  and  are  soluble  in  ether.  Their  boiling 
points  are  higher  than  those  of  the  corresponding  acids.  (1)  Water 
decomposes  them  into  their  constituent  acids: 

(C,Hs0),0  +  H,0  =  2C,HsO.  OH. 

(2)  W  it h  alcohols  they  yield  the  esters : 


(C,H30),0  -j-  C,HS  .  OH  =  C§0>0  _|_  CjHj0  .  OH. 

.  Ammonia  and  primary  and  secondary  amines  convert  them 
into  amides  and  ammonium  salts  : 

(CHsC0),0  +  2NH3  =  CHS .  CONII,  +  CII3 .  COONH4. 

W  Heated  with  hydrochloric  acid,  hydrobromic  and  hydriodic 
aci  s,  ley  decompose  into  an  acid  haloid  and  free  acid : 

(C,H30),0  +  HC1  =  C,HsO  .  Cl  +  C,H30 .  OH. 

acfds  •  Chl°nne  SpIits  them  UP  into  acid  chlorides  and  chlorinated 

(C,Hs0),0  4-  Cl,  =  C,HsO .  Cl  4-  Cl .  CH, .  COOH. 

primLy°1coholsma'8am  ‘he  anh>drides  to  a'd'h!des  a"d 

(7)  Aldehydes  and  acid  anhydrides  combine  to  esters. 
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The  esters  are  obtained  when  the  alkylogens  react  with  the  sails  of  ,1  • 
and  by  letting  the  acid  chlorides  act  upon  the  mercaptans  or  mercapSdes 

hydSoaric0adde:ar  “  **  deC°mP°sition  of  alMic  isothio-acetanilides  with  dilute 


CH3  . 


S .  C2H5 

:n.c6h5 


+  H20  =  CHS .  CO  .  S  .  C2H5  +  NH2 .  c6h5. 


Ethyl-isothio-acetanilide 


Thio-acetic  Ester 


6Aa5* 
Aniline. 


Concentrated  caustic  potash  decomposes  the  esters  into  fatty  acids  and  mercaptans. 

Thiacetic  Acid  \_Ethamol-acid~\,  CH3COSH,  is  a  colorless  liquid,  boiling  at 
93°.  Its  specific  gravity  at  io°  is  1.074.  Its  odor  resembles  those  of  acetic  acid 
and  hydrogen  sulphide.  It  dissolves  with  difficulty  in  water,  but  readily  in  alcohol 
and  in  ether.  This  acid  has  been  recommended  as  a  very  convenient  substitute  for 
hydrogen  sulphide  in  analytical  operations  (B.  28,  R.  6x6).  The  lead  salt,  (C2HS- 
O .  S)2Pb,  crystallizes  in  minute  needles,  and  readily  decomposes  with  the  formation 
of  lead  sulphide.  The  ethyl  ester,  C2HsO  .  S  .  C2H5,  boils  at  1150. 

Acetyl  Sulphide,  (C2H30)2S,  is  a  heavy,  yellow  oil,  insoluble  in  water.  It  boils 
at  157°*  Water  gradually  decomposes  it  into  acetic  and  thiacetic  acids  (B.  24, 
3548,  4251). 

Acetyl  Disulphide,  (C2H30)2S2,  is  formed  when  acetyl  chloride  acts  upon 
potassium  disulphide,  or  iodine  upon  the  salts  of  the  thio-acid. 


6.  ACID  AMIDES. 


These  correspond  to  the  amines  of  the  alcohol  radicals.  The  hydro¬ 
gen  of  ammonia  can  be  replaced  by  acid  radicals,  forming  primary, 
secondary  and  tertiary  acid  amides  : 


CH3  .  CO  .  NH2  (CH3 .  CO)2NH  (CHs  .  CO)3N 

Acetamide  (primary)  Diacetamide  (secondary)  Triacetamide  (tertiary). 

Recently  the  idea  has  been  expressed  that  the  constitution  of  the  primary  acid 


.OH 

amides  might  be  represented  by  the  formula  R/.  OQ  (compare  benzamide),  fro® 

%H 

which  the  imido-ethers  (p.  269)  are  derived. 


The  hydrogen  of  primary  and  secondary  amines,  like  that  of  am* 
monia,  can  be  replaced  by  acid  residues,  giving  rise  to  mixed  amides- 
General  Methods  of  Formation.—  (1)  The  ' dry  distillation  of  the 
ammonium  salts  of  the  acids  of  this  series.  A  more  abundant  yie  0 
is  obtained  by  merely  heating  the  ammonium  salts  to  about  23c 
1  J  rP’  (Kiindig,  1858).  (This  method  was  first  applied  Oyo0 

by  Dumas  to  ammonium  oxalate  with  the  production  of  oxamide). 
is  procedure  is  adapted  to  the  preparation  of  volatile  amides : 


C2H30  .  O .  NH4  =  C2H30 .  NH.  -f  H20. 

Ammonium  Acetate  Acetamide. 

ammr!n;XtUre  the  sodium  salts  and  ammonium  chloride  may  be  substituted  (or  t 
Foduction.  S  UU  B-  I7’  848>  uP°n  the  velocity  and  limit  of  the 


(2)  The  action  of  ammonia,  primary  and  secondary  amines  np°n 


acid  amides. 


263 


the  esters  (by  this  procedure  Liebig,  in  1834,  obtained  oxamide  from 
oxalic  ester) : 


=  CH3CO .  NH2  -(-  C2H5 .  OH 

Acetamide 


CH3CO.O.C2H5  +  NHS 
CHjCO .  0 .  C2H5  +  C2H5 .  NH2  =  C2HsO>NH  +  C2H5 .  OH 

c2h5^ 

Ethyl  Acetamide. 


This  is  a  reaction  that  frequently  takes  place  in  the  cold  ;  it  is  best,  however,  to 
apply  heat  to  the  alcoholic  solution. 

It  is  one  of  the  so-called  reversible  reactions,  inasmuch  as  the  action  of  alcohols 
upon  acid  amides  again  produces  esters  and  ammonia  (B.  22,  24). 


(3)  By  the  action  (a)  of  acid  haloids,  (U)  of  acid  anhydrides  upon 
ammonia,  primary  and  secondary  alkylamines.  (This  method  Liebig 

chi  hd^er  USG(^  ^  t0  PrePare  benzamide  from  benzoyl 


(3<0  CH3.COCI  +  2NIT3  =  CHS .  CONH2  +  NH4C1 

r  Acetamide 

CU3.COCI  4-  2NH2C2H5  =  CH3.  CONH  .  C2H5  4-  N(C2H5)HC1 

rw  nr\r*  1  Ethyl  Acetamide 

COCl  4-  2NH(C2H5)2  =  CH3 .  CON(C2H5)2  +  N(C2H5)2H2C1. 

Diethyl  Acetamide. 

th JhigW X7 2^a.Pted  f°r  °btaininS  the  amides  of 

(CH,^CCo( ^  +  =  CH3.CONH2  4-  CHS.  C02NH4 

)2  +  2NH2C2H5  =  CH3 .  CONHC2Hs  4-  CH, .  CO,NH3C2H5. 


acfds:^^  ad(bdon  one  molecule  of  water  to  the  nitriles  of  the 


CH3  CN  4-  H20  (i8o°)  =  CH3 .  CO  .  NH„, 

Th.  Acetonitrile  Acetamide.  * 

hydrochloric  y  OCCUrs  *n  tbe  cold  by  the  action  of  concentrated 

sulphuric  acid  (b'  io  w  the  nitrile  with  glacial  acetic  acid  and  concentrated 
the  nitriles,  with  llhem*;^  e  1Iydrogen  peroxide  in  alkaline  solution  also  converts 
hydrochloric  acid  unon  * ,°Xyge?’  '.nt°  amides  (B-  l8>  355)-  For  the  action  of 
chlorides.  h*  mixture  of  nitrile  and  fatty  acid  see  (2)  formation  of  acid 

dilation  of  the  fatty  acids  with  potassium  sulphocyanide : 

Sim  ;C2H‘°  0H  +  CN '  SK  =  C2Hs°  ‘  NHa  +  C2Hs°  ’  °K  +  COS- 
acetamide  glaciaf  acetk  acid >)raclical  (B-  l6>  2291 ;  15,  978).  In  making 
several  days.  In  this  reactlon  th  ammon,um  sulphocyanide  are  heated  together  for 

(6)  By  the  interaction  of  fnt  ?mat'c  acids  yield  "itriles. 

fatty  acids  and  carbylamines  (p.  236)  : 

2CHS .  COOH  4-  C :  N  .  CHS  =  H  .  CONHCH3  4-  (CHsC0)20. 

^  Methyl  Formamide. 

action  of  the  fatty  acids  upon  isocyanic  acid  esters  (see  these)  : 
c»3  •  COOH  4-  CON  .  C2II6  =  CII3  .  CONHC2H5  4-  C02. 
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Secondary  and  tertiary  aifiides  are  obtained  (l)  by  heating  primary  acid  amides 
(B.  23,  2394),  the  alkyl  cyanides  or  nitriles  with  acids,  or  acid  anhydrides,  to  200 °; 

CHS .  CONH2  +  (CH3C0)20  =  (CHS .  CO)2NH  +  CH3 .  COOH 

CH3CN  +  CH3.  COOH  =  (CH3CO)2NH 

Diacetamide 

CH3 .  CN  +  (CH3C0)20  =  (CH3CO)3N. 

Triacetamide. 

(2)  The  secondary  amides  can  also  be  prepared  by  heating  primary  amides  with 
dry  hydrogen  chloride : 

2C2H30.  NH2  +  HC1  =  (C2H30)2NH  +  NH4C1. 

Diacetamide. 

(3)  Mixed  amides  are  further  produced  by  the  action  of  esters  of  ordinary  isocyanic 
acid  upon  acid  anhydrides  : 

CO :  N .  C2H5  -(-  (C2H30)20  =  •  ^2^5  T  C02. 

Ethyl  Diacetamide. 

Properties  and  Behavior. — The  amides  of  the  fatty  acids  are  usually 
solid,  crystalline  bodies,  soluble  in  both  alcohol  and  ether.  Ihe 
lower  members  are  also  soluble  in  water,  and  can  be  distilled  without 
decomposition.  As  they  contain  the  basic  amido-group  they  are 
able  to  unite  directly  with  acids,  forming  salt-like  derivatives  (e.  g-, 
C2H30 .  NH2 .  N03H  and  (CH3CO  .  NH2)2 .  HC1),  but  these  are  not  very 
stable,  because  the  basic  character  of  the  amido-group  is  strongly 
neutralized  by  the  acid  radical.  Furthermore,  the  acid  radical  imparts 
to  the  NH2-group  the  power  of  exchanging  a  hydrogen  atom  with 
metals,  e.  g.,  mercury  or  sodium  (B.  23,  3037),  forming  metallic 
derivatives,  e.g.,  (CH3 .  CO  .  NH)2.  Hg — mercury  acetamide,  analo¬ 
gous  to  the  isocyanates  (from  isocyanic  acid,  CO  :  NH),  and  the  salts 
of  the  imides  of  dibasic  acids. 

The  union  of  the  amido-group  with  the  acid  radicals  (the  group 
CO)  is  very  feeble  in  comparison  with  its  union  with  the  alkyls  in 
the  amines  (p.  159).  The  amides,  therefore,  readily  absorb  "ater 
and  pass  into  ammonium  salts,  or  acids  and  ammonia.  (1)  Heating 
with  water  effects  this,  although  it  is  more  easily  accomplished  by 
boiling  with  alkalies  or  acids.  This  is  a  reaction  which  is  not  m  re 
quently  termed  saponification  (p.  239). 

CH3 .  CO .  NH2  +  H20  =  CH3 .  CO .  OH  +  NH3. 

Acid  amides,  saponifying  with  difficulty,  are  dissolved  in  sulphuric  acid,  anc^ 
this  cold  solution  sodium  nitrite  is  added  (B.  28,  2783). 

(2)  Nitrous  acid  decomposes  the  primary  amides  similarly  to  th 
primary  amines  (p.  166) : 

C2H30 .  NH2  -f  N02H  =  C2H30  .  OH  +  N,  +  H20. 

(3)  Bromine  in  alkaline  solution  changes  the  primary'  amide5 
bromamides  (B.  15,  407  and  752)  : 

C2H30  .  NH2  -f  Br2  =  C2HsO  .  NHBr  +  HBr, 
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acid  hydrazides. 

dnen°lecu'e  of  water 

Sd  become  nitriles  (cyanides  of  the  alcohol  radica  s)  . 

CHS .  CO .  NH2  =  CH3 .  CN  +  H20. 

In  this  action  a  replacement  of  an  oxygen  atom  by  two  chlorine  atoms  takes  place ; 
the  resulting  chlorides,  like  CH3 .  CC12 .  NH2,  then  lose,  upon  further  heating,  two 
molecules  of  C1H  with  the  formation  of  nitriles. 


Formamide,  H .  CONH2.  See  p.  227. 

Acetamide  [Ethanamide],  CH3CO .  NH2,  crystallizes  in  long 
needles,  melts  at  82-83°,  and  boils  at  222°  undecomposed.  It  dis¬ 
solves  with  ease  in  water  and  alcohol.  In  explaining  the  methods  of 
producing  the  amides,  and  in  illustrating  their  deportment,  acetamide 
was  Presepted  as  the  example.  Dumas,  Leblanc,  and  Malaguti  first 
prepared  it  in  1847,  by  allowing  ammonia  to  act  upon  acetic  ester. 


an^/t'’cu^rrfei.-F}^ s '  CONHCH3,  melts  at  28°  and  boils  at  206°  ;  acetdimethyl- 
o*)*’  boils  at  165.5°;  acetethylamide  boils  at  205 0  ;  acet- 
at  iq6°  anf  1  ^  5 f05''86°'  Methylene  diacetamide ,  CH2( N  HCOCHs )2,  melts 
melt9s  at  S  288 25,  3I°);  Chloralacetamide ,  CCl3CH(OH)NHCOCH3, 
Pounds  meltinf!  at  !?»o 68 !i  Acetamide  and  butylchloral  yield  two  isomeric  com- 

Diacetamide  (C  H  oTkh°  resPe«>vely  (B.  25,  1690). 

222C-22?  ro  1S  readily  soluble  in  water,  fuses  at  77°,  and  boils  at 

£2*3-5.  (Preparation,  p.  264.)  " 

*85-192°.  cetamide,  (CH3CO)2N .  CH3,  boils  at  1920.  Ethyldiacetamide  boils  at 

^ZZrfmidf^i CoNlJn1' 18  at,78'79°-  o  (Preparation,  p.  264.) 

Acethr  '““jCONHQ,  melts  at  no°. 

drousconXbn  at\oS3?RNHBr+  H2°’  f°rmS  large  Plates>  and  melts  in  an  anhy- 

PropTonam-^"'  Prim^y  Add  Amides  : 

-SSSSS  rlts  at  750  and  hoils  at  2IO°- 

boils  at  216-220°  USCS  1 I3°  and  boils  at  216°.  Isobutyramide  fuses  at  12S0  and 
Trimeth"^6  fuSCS  at  “4-1 16°. 

melts  a,  melts  at  153-154°  and  boils  at  2I2°;  n-Capronamide 

Methyl.iSOpro  lac  at  225  ;  Methyl-n-propylacetamide  melts  at  95°; 
biethylacetamide  melts  at  U  Iu9  ’  Isobutylacetamide  melts  at  120°  ; 
95°  and  boils  ™ “g**™ V bods  at  230-235°  ;  CEnanthamide  melts  at 

Uurlm-9/  i  "  Caprin'amide  melfs”  ^  ”  S  “  I05',06°  !  Petar*on“i*! 

melts  at  98.5°e  MwistaiSV0?  b°oS  at  *99-200°  (12.5  mm.);  Tridecylamide 

at  *°6°,  and  boik  at  235-236° ^12° mm^  ^  *  21?1  (’2  mm  ) ;  Palmitamide. 
boils  at  250-251°  (i2  mm  \  m  12  m  )*  Stearamide  melts  at  108.5-109°  and 
51  (12  mm.)  (B.  15,  977,  I?29  .  Ig>  I433  .  ^  2?8i  .  a6f 


7.  ACID  HYDRAZIDES. 

CO  .  CHC' C*HC<i»'  b  H  ‘  NII‘2’  mclts  at  62°-  Acetbenzalhydrazine ,  CH, 

23  '  6  5’ meltS  at  *34°  (B.  28,  R.  242).  3 
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8.  THE  FATTY  ACID  NITRILES  OR  ALKYL  CYANIDES. 

These  are  compounds  in  which  one  carbon  atom,  combined  with  an 
alkyl  group  R'.CEE,  a  residue  present  in  every  fatty  acid,  replaces  the 
three  hydrogen  atoms  of  ammonia,  <?.£\,CH3C  =  N,  acetonitrile.  It  is 
true  that  in  the  nitrile  bases  (tertiary  amines  and  amides)  the  nitrogen 
atom  is  also  joined  with  three  valences  to  carbon,  but  three  alkyl 
residues  are  in  union  with  three  different  carbon  atoms. 

The  acid  nitriles  are  also  called  alkyl  cyanides ,  because  they  can  be 
viewed  as  alkyl  ethers  of  hydrogen  cyanide,  H  .  C  =  N. 

Being  intermediate  steps  in  the  synthesis  of  the  fatty  acids  from  the 
alcohols ,  these  nitriles  merit  especial  consideration. 

The  following  general  methods  answer  for  their  preparation  : 

(i)  Nucleus-synthesis  from  the  alcohols  :  (a)  by  heating  the  alkyl- 
ogens  with  potassium  cyanide  in  alcoholic  solution  to  ioo°;  ( b )  by 
distillation  of  a  potassium  alkyl  sulphate  with  potassium  cyanide 
(hence  the  name  alkyl  cyanides )  : 

(la)  C2H5I  +  CNK  =  C2H5  .  CN  +  KI 

(«* )  S04<£H5  +  CNK  =  C2H5  .  CN  +  K2S04. 


Isocyanides  (p.  235)  form  in  slight  amount  in  the  first  reaction.  For  their  re¬ 
moval  snake  the  distillate  with  aqueous  hydrochloric  acid  until  the  unpleasant  odor 
of  the  isocyanides  has  disappeared,  then  neutralize  with  soda  and  dry  the  nitriles 
with  calcium  chloride. 

(2)  By  heating  alkyl  isocyanides  or  alkyl  carbylamines  (p.  237)  : 

2*nO° 

CHS .  CH2 .  NC - CH3CH2CN. 

(3)  The  dry  distillation  of  ammonium  salts  of  the  acids  with  P205, 
or  some  other  dehydrating  agent : 


ch3  .  co .  o .  nh4  —  2h2o  =  CH3 .  CN. 

Ammonium  Acetate  Acetonitrile. 


This  method  of  production  explains  why  these  cyanides  are  termed 
product**1  CS  ThC  corresPonding  acid  amide  is  an  intermediate 


(4)  By  the  removal  of  water  from  the  amides  of  the  acids  when 
chk> riches  1^2 68)^^  ^2^5’  — or  phosphoric  chloride  (see  amid- 


CH, . 
5CII,. 


CO. 

CO. 


NH2  -I-  PCI 

nh2  +  P2s, 


5 


=  CHS .  CN  +  POCl3  +  2HCI 
=  5CHj.  CN  P205  +  5H2S. 


(5)  Primary  amines,  containing  more  than  five  carbon  atoms, 
converte  ,  jy  caustic  potash  and  bromine,  into  nitriles  : 


are 


C7Hi8CH2NH  4.  2Br2  +  2KOH  =  C7Hl5CH2NBr2  -I-  2KBr  +  2H,0 
c7ni5CH2NBr2  4-  2KOII  =  C7H,?CN  +  2KBr  +  2H20. 
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,  nrimarv  amines  can  be  obtained  from  acid  amides  containing 
a  carbon  atom  more,  these  reactions  will  serve  for  the  break.ng-down 
of  the  fatty  acids  (p.  243). 

,6)  Nitriles  result  when  aldoximes  are  heated  with  acetic  anhydride  or  with 
thionyl  chloride  (B.  28,  R.  227) : 

CHjCH  =  N .  OH  +  (CH3C0)20  =  CH3C=N  +  2CH3 .  COOH. 

(7)  On  the  application  of  heat  to  cyanacetic  acid  and  alkylized  cyanacetic  acid 

nitriles  result :  „  TT  _XT 

CN  .  CH2 .  COjH  =  CN  .  CH3  +  C02. 


The  nitriles  occur  already  formed  in  bone-oils. 

Historical. — Pelouze  (1834)  discovered  propionitrile  on  distilling  barium  ethyl 
sulphate  with  potassium  cyanide  (A.  10,  249).  Dumas  (1847)  obtained  acetonitri  e 
by  distilling  ammonium  acetate  alone,  or  with  P205;  the  same  occurre  \\i  m 
latter  reagent  and  acetamide  (p.  265).  Dumas,  Malaguti  and  Leblanc  (A.  4»  3j4J 

on  the  one  hand,  and  Frankland  and  Kolbe  (A.  65,  269,  288,  299)  on  tie  o  lei, 
demonstrated  (1847)  the  conversion  of  the  nitriles  into  their  corresponding  aci  s  y 
means  of  caustic  potash  or  dilute  acids,  and  thus  showed  what  importance  the  aci 
nitriles  possessed  for  synthetic  organic  chemistry. 


Properties  and  Behavior.— The  nitriles  are  liquids,  usually  insoluble 
in  water,  possessing  an  ethereal  odor,  and  distilling  without  decompo 
sition.  .  , 

Their  reactions  are  based  upon  the  easy  disturbance  of  t  e  tripe 
union  between  nitrogen  and  carbon.  They  are  mostly  ad  itive  re^c 
tions.  Acid  nitriles  may  be  viewed  as  unsaturated  compote  in  s,  111  ie 
same  sense  as  aldehydes  and  ketones  (pp.  38,  187).  1  heir  neutral  c  - 

acter  distinguishes  them  from  prussic  acid,  the  nitrile  ol  0  _ 

In  respect  to  this  transposition  of  their  C=N-group  they  resemble  the 
nitrile  of  formic  acid. 

.  I1)  Nascent  hydrogen  converts  them  into  primary  amines  *'^c’nC\'l  ^  0]ute  alcohol 
t'on  is  most  easily  accomplished  by  means  of  metallic  sodium  and  absolute 

(2)  ’The  nitriles  can  unite  with  the  halogen  hydrides,  forming  amide  and  miide 
haloids. 

(3)  Under  the  influence  of  concentrated  su|^^[11Ch^ted  to'  xoo° 

up  water  and  become  acid  ‘d  absorb  a  second  molecule  of 

with  water  the  acid  amides  first  f  ammonia.  The  nitriles  are 

water  and  change  to  the  fatty  .am  wjth  alkalies  or  dilute  acids 

more  readily  saponified  by  °Esters  are  produced  when  the  acids, 

(hydrochloric  or  sulphuric  acid).  ^  n  the  nitriles. 

in  a  solution  of  absolute  a  ’  ^  ^ 

(4)  The  nitriles  form  thiamidw  imido.ethers  (p.  269). 

(5)  They  combine  with  ale 
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(6)  With  monobasic  acids  and  acid  anhydrides  they  yield  secondary  and  tprti. 

amides  (p.  264).  *  '  “ 

(7)  The  nitriles  become  amidines  with  ammonia  and  the  amines  (p.  270) 

(8)  Hydroxylamine  unites  with  them  to  form  amidoximes  (p.  271).  Metallic 
sodium  induces  in  them  peculiar  polymerizations.  In  ethereal  solution,  dimolecular 
nitriles  result :  imides  of  $-ketonic  nitriles.  All  these  reactions  depend  upon  the 
additive  power  of  the  nitriles,  the  triple  carbon-nitrogen  union  being  broken.  If 
however,  sodium  acts  upon  the  pure  nitriles  at  a  temperature  of  I5o°the  products  are 
trimolecular  nitriles,  so-called  cyanethines  (see  these ) ,  pyrimidine  derivatives: 


2CHsCN 

3CH3CN 


>  CH3 .  C(NH) .  CH2 .  CN 

Imido-acetic  Nitrile 

N — C(CH$)=N 
CH, .  C— CH==C .  NH,. 

Cyanethine  (see  this). 


Acetonitrile,  Methyl  Cyanide  [Ethan-nitrile],  CH3.  CN,  melts  at 
— 41°  C.,  boils  at  81. 6°,  has  a  specific  gravity  of  0.789  (150),  and  is  a 
liquid  with  an  agreeable  odor.  It  is  usually  prepared  by  distilling 
acetamide  with  P205.  Consult  the  general  description  of  acid  nitriles 
for  its  methods  of  formation,  its  history  and  its  transposition  reac¬ 
tions.  It  may,  however,  be  mentioned  here  that  acetonitrile  can  be 
produced  from  prussic  acid  and  diazomethane  (B.  28,  857). 

Higher  Homologous  Nitriles.— Propionitrile,  Ethyl  Cyanide  [Propan- 
nitrile],  CjH5.  CN,  boils  at  98°.  Its  specific  gravity  equa's  0.801  (o°). 

n - Butyronitrile  boils  at  118.5°,  and  has  the  odor  of  bitter-almond  oil.  Iso- 
butyronitrile  boils  at  107°.  n- Valeronitrile  boils  at  140.40 ;  isopropylacetonitnle 
boils  at  1290;  methyl-ethylacetonitrile  boils  at  1250 ;  trimethylacetonitrile  me  t- 
at  ,5~I6°_and  boils  at  105-106°.  Isobutylacetonitrile  boils  at  154° >  <^iet,^0" 
acetonitrile  boils  at  144— 146° ;  dimethyl-ethylacetonitrile  boils  at  12S-130  * 
n  cenanthylnitrile  boils  at  175— 178°;  n-caprilonitrile  boils  at  198—200“;  pe  ar 
gonitrile  boils  at  214-216°;  methyl-n-hexylacetonitrile  boils  at  206°;  ^aurc? 
nitrile  boils  at  198°  (100  mm.);  tridecylonitnle  boils  at  27s0;  myristonitrue 
melts  at  19°  and  boils  at  226.5°  (100  mm.) ;  palmitonitnle  melts  at  29°  and 
251.5°  (icx)  mm.) ;  cetyl  cyanide  melts  at  52°;  stearonitrile  melts  at  41  a‘‘ 
boils  at  274. 50  (100  mm.). 

Several  classes  of  compounds  bear  genetic  relations  to  the  acid  amides 
and  nitriles,  but  these  will  be  considered  after  the  nitriles. 


9.  AMID-CHLORIDES  and  10.  IMID-CHLORIDES  (Watlach, 


A. 


n«J?Lw n,d  ?5lond“  the  first  unstable  products  arising  in  the  action  of 

wWhTv  ,71“-  THey-  Part  Wilh  hydrochloric  acid  and  become  imid-cklond* 
Which  by  a  further  separation  of  hydrochloric  acid  yield  nitriles : 


/NH2 


ch3cx 

S) 

Acetamide 


.,NH2  HC1  ^ 

CHjCZci  - ^  CHSC^ 

XCl  \C1 


NH  — HC1  _  , 

- ^  CHSC 


(Acetamid-chloride)  (Acetimid-chloride)  Acetonitrile- 


THIAM1DES. 
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The  addition  of  HC1  to  the  nitriles  produces  the  imid-chlorides. 
and  hydrogen  iodide  add  themselves  more  readily  than  hydrogen 


Hydrogen  bromide 
chloride  to  nitriles 


(B.  25,  2541): 

.NH 

CHSC^  CH3 

^Br 

Acetimid-bromide  Acetamid-bromide 


7nh2 

O— Br 
\Br 


CH.C— I 
3  \I 


,NH2 


:^i 

\i 

Acetamid-iod  ide. 


If  a  hydrogen  atom  of  the  amid-group  be  replaced  by  an  alcohol  radical,  the  imid- 
chlorides  will  be  more  stable.  On  heating,  however,  they  lose  hydrochloric  acid  in 

part  and  pass  into  chlorinated  bases.  _ 

(1)  Water  changes  the  imid-chlorides  back  into  acid  amides .  T he  chlorine  atom 
of  these  bodies  is  as  reactive  as  the  chlorine  atom  of  the  acid  chlorides.  (2)  Am¬ 
monia  and  the  primary  and  secondary  amines  change  the  imid-chlorides  to  amidines 
(see  below).  (3)  Hydrogen  sulphide  converts  the  imid-chlorides  into  thiamides. 


11.  IMIDO-ETHERS*  (Pinner,  B.  16,  353,  1654;  17,  184,  2002). 

The  imido-ethers  may  be  regarded  as  the  esters  of  the  imido-acids,  I\/.  C^qj_^ 

a  formula  which  has,  in  recent  times,  been  proposed  for  the  acid  amides  (p.  262); 
compare  also  the  thiamides. 

The  hydrochlorides  of  the  Imido-ethers  are  produced  by  the  action  of  HC1  upon 
an  ethereal  mixture  of  a  nitrile  with  an  alcohol  (in  molecular  quantities) : 

.NH  .  HC1 

CHS .  CN  +  C2H6 .  OH  +  HC1  =  CH3 . 

3  ^  2  6  X).C2II5. 

Acetimido-ether. 

Formimido-ether  (p.  232),  Acetimido-ethyl  Ether,  when  liberated  from  its 
HCl-salt  by  means  of  NaOH,  is  a  peculiar-smelling  liquid.  Ammonia  and  the  amines 
convert  the  imido-ethers  into  amidines . 


12.  THIAMIDES. 

As  in  the  case  of  the  acid  amides  (p.  262),  so  here  with  the  thiamides  two 
formulas  are  possible : 


/NH2 

R'.C< 


R'.C 


/NH, 


and 


,NH 

R'.C^f 

X>H 


R' 


X 


NH 

SH* 


The  thiamides  are  formed  (i)  by  letting  phosphorus  sulphide  act  upon  the  acid 
amides  (p.  262)  ;  (2)  by  the  addition  of  H2S  to  the  nitriles . 

CH3 .  CN  +  H2S  =  CII3 .  CS  .  NH, 

Acetonitrile  Thiacetamide. 

(i)  The  thiamides  are  readily  broken  up  into  fatty  acids,  SH2,  NH,  and 

^uf  They  yield  thiazole  derivatives  with  chloracetic  ester,  chloracetone,  and 
similar  bodies.  .  ... 

Theactioi^of1^ hydroxylamine  results  in  tile  production  of  oxamidines. 
Thiactrtamide^nielts^at^  ,08°  (A.  .9a,  461  B.  34°). 

melts  at  42-430  (A.  259,  229). 


*  The  Imido-ethers  and  their  Derivatives,  A.  Pinner,  1892. 
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.NH 

13.  AMIDINES,  R.C<^  (A.  184,  121;  192,46) 

XNII2 

The  amidines,  containing  an  amid-  and  imid-group,  whose  hvdmaen  a,, 
replaceable  by  alkyls,  may  be  considered  derivatives  of  the  acid  amides®  in  »£  Z 
carbonyl  oxygen  is  replaced  by  the  imid-group  ;  “  h  the 

CH3 .  CONH2  CH3C(NH)NH5. 

Acetamide  Aeetamidine. 

They  are  produced : 

(1)  brom  the  imid-chlorides  and  thiamides,  by  the  action  of  ammonia  or 
amines. 

(2)  From  the  nitriles  by  heating  them  with  ammonium  chloride. 

(3)  From  the  amides  of  the  acids  when  treated  with  HC1  (B.  15,  208): 

yNH 

2CH3 .  CO .  nh2  =  ch3c^  4-  ch3  .  co2h. 

xnh2 

(4)  From  the  imido-ethers  (p.  269)  when  acted  upon  with  ammonia  and  amines 
(B.  16,1647;  17,179). 

amidines  are  mono-acid  bases.  In  a  free  condition  they  are  quite  unstable. 
The  action  of  various  reagents  on  them  induces  water  absorption,  the  imid-group 
splits  oft,  and  acids  or  amides  of  the  acids  are  regenerated. 

esters  convert  them  into  pyrimidines ,  e.g.,  aeetamidine  hydrochloride 
and  aceto-acetic  ester  yield  dimethyl-ethoxypyrvnidine ,  melting  at  1920  (compare 
polym.  acetonitrile,  p.  268) :  S 


ch3c(NH  C0CHs 


SNII, 


+ 


zN— C" 

=  CILCf  >CH 


CH2  .  CO  .  OC,H 


"Cl  I, 


2li5 


3  XN=c/' 


-OC2II5 


4-  211,0. 


Formamidine  (p.  232). 

Aeetamidine  (Acediamine),  Etkenylamidine ,  CH3C(NH2)NH.  Its  hydrochloric 
sa“  nielts  at  163°.  lhe  aeetamidine,  separated  by  alkalies,  reacts  strongly 
alkaline  and  readily  breaks  up  into  NHS  and  acetic  acid. 

.N .  OH 

14.  HYDROXAMIC  ACIDS,  R  .  Cf' 

XOH 

These  are  produced  when  free  hydroxylamine,  or  its  hydrochloride,  is  allowed  to 

,nP°V  acid  a,?ldes>  esters  and  acid  chlorides.  They  contain  the  isonitroso  group 
in  the  place  of  the  carbonyl  oxygen  (B.  22,  2854)  : 

CIIs.CO.NH2  -f-  NIIj.OH  =  CH8.cfN-  °H  4-  NH3. 

XOH 

Acet-hydroxamic  Acid. 

in^am^niacal^op^r^futions3’  c^aracter;  and  forni  an  insoluble  copper  salt 

their  acid  and  neutral  solutions  F  ch  onde  imparts  a  cherry- red  color  to 
di^v^  melts  a,  59*-  » 


15.  nitrolic  acids,  R.c^ 


X 


;N .  OH 
NO, 


(p-  I57)- 


As  these  bodies  are  genetically  relator!  2  .  , 

been  discussed  immediately  after  them  monon,tro-paraffins,  they  have  alrea  y 


HALOGEN  SUBSTITUTION  PKOOUCTS  OE  THE  FATTV  ACIDS. 


N .  OH 


,6.  AMIDOXIMES  or  OXAMID1NES, 

These  compooods  ma,  be  regarded  as  *b,  H*»  of  the 

5  hl&teo^e  SSL  (Py  270);  by  the  addition  of  hydroxybn.be 
to  the  nitriles  (B.  17,  2746): 

NH, 

CHj . CN  +  NH..OH  =  CH, .  qh . 

Acetonitrile  Ethenylamidoxime. 

and  by  the  action  of  hydroxyl  amine  upon  thiamides  (B.  19,  i^68j : 


,NH, 


+  HjS. 


CH, .  CS .  NFL  -1-  NHjOH  =  CH3 .  c/ 

*  ^N.OH 

The  amidoximes  are  crystalline,  very  unstable  compounds,  which  readily  break 
down  into  hydroxylamine,  and  the  acid  amides  or  acids. 

Methenyl-amidoxime,  Formamidoxime  or  Isuretine  (p.  233). 

/N.OH  _  . 

Ethenyl-amidoxime,  CH, .  C\  ,  melts  at  1350.  Hexenyl-amidoxime 

XNH2 

melts  at  48°.  Heptenyl-amidoxime  melts  at  48-49°  (B.  25,  R.  637).  Launn- 
amidoxime  melts  at  92— 92.50.  Myristin-amidoxime  melts  at  97°-  Palmitin- 
amidoxime  melts  at  101.5-102°.  Stearin-amidoxime  melts  at  106-106.5°  (B. 
26, 2844).  . 

When  the  aromatic  derivatives  are  discussed  we  shall  again  meet  with.  bodies.  e- 
longing  to  the  classes  which  have  just  been  considered,  viz.,  the  imid-chlorides, 
imido ethers,  thiamides ,  ami  dines,  hydroxamic  acids  and  amidoximes.  1  e 
aromatic  primary  amines,  e.g.,  aniline  and  h  luidine ,  are  not  only  prepared  techni¬ 
cally  on  a  large  scale,  but  they  are  more  readily  accessible  than  the  primary,  a  ip  atic 

ases,  and  are  more  easily  handled  because  of  their  slighter,  volatility.  eginning 
W|th  them,  phenylated,  etc.,  derivatives  of  the  aliphatic  imid-chlorides  ha\e  een 
prepared.  On  the  other  hand,  benzoic  acid  and  its  homologues  are  excellent  material 
for  the  study  of  the  carboxyl  derivatives  of  a  monocarboxyl ic  acid.  This  acid  im¬ 
parts  the  power  of  crystallization  to  many  of  its  compounds,  and  that,  again,  renders 
easy  the  work  with  them.  Hence,  the  corresponding  aromatic  derivatives  supple- 
ment  the  aliphatic  imid-chlorides,  etc. 


HALOGEN  SUBSTITUTION  PRODUCTS  OF  THE  FATTY  ACIDS. 

T  he  reactions  leading  to  the  substituted  fatty  acids  are  partly  the 
same  as  those  employed  in  the  formation  of  the  halogen  su  stitution 
products  of  the  paraffins. 


(I)  Direct  substitution  of  the  hydrogen  of  the  hydrocarbon  residue,  joined  to  car- 

la)  ChlorineTn  sunlight,  or  with  the  addition  of  water  and  iodine,  or  sulphur  (B. 
25,  R.  797),  or  phosphorus  (B.  24,  2209). 
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(b)  Bromine  in  sunlight,  or  with  the  addition  of  water  in  a  closed  tub 

more  elevated  temperature,  or  with  the  addition  of  sulphur  (B.  25.  3311  f*  a 
phorus  (B.  24,  2209).  ’  J  ’  01  P 10s' 

(c)  Iodine  with  iodic  acid,  or  brom-fatty  acids  with  potassium  iodide. 

The  acid  chlorides ,  bromides ,  or  acid  anhydrides  are  more  readily  substituted  th 
the  free  acids.  When  chlorine  or  bromine,  in  the  presence  of  phosphorus  act” 
upon  the  fatty  acids  (method  of  Hell-Volhard),  acid  chlorides  and  bromides  result- 
these  then  are  subjected  to  substitution.  The  final  products  are  halogen-acid  chlo¬ 
rides  or  halogen-acid  bromides : 


3CH3  .  C02H  4-  P  -f  nBr  =  3CH2Br .  COBr  -f  HP03  +  5HBr. 

However,  substitution  only  takes  place  in  a  mono-alkyl  or  dialkyl -acetic  acid  at 
the  a-carbon  atom.  Hence,  trimethylacetic  acid  cannot  be  chlorinated  or  brominated. 
Consequently  the  deportment  of  a  fatty  acid  towards  chlorine  or  bromine  and  phos¬ 
phorus  indicates  whether  or  not  a  trialkyl-acetic  acid  is  present  (B.  24,  2209). 

(2)  Addition  of  Haloid  Acids  to  Unsaturated  Monocarboxylic  Acids. — The  halogen 
enters  at  a  point  as  far  as  possible  from  the  carboxyl  group,  e.  g.  : 


CH, 


:  CH  .  C02H  I 
Acrylic  Acid  ( 


HC1 


HBr 


CH2C1 


CH, 


HI 


CH2Br .  CH2 


ch2i 


CH, 


C02H 

co2h 

co2h 


/3-Chlor- 1 

/3-Brom-  j-  propionic  acid. 

/J-Iodo-  J 


(3)  Addition  of  Halogens  toUnsaturated Monocarboxylic  Acids. — Whenever  possible 
the  chlorine  is  allowed  to  act  in  a  CC14  solution.  Bromine  often  adds  itself  without 

the  help  of  a  solvent,  and  also  in  the  presence  of  water,  CS,,  glacial  acetic  acid  and 
chloroform.  ’  2 s 


CH., .  CH„ 

•  2^>o 

CH2 .  CO  ^ 


(4)  Action  of  the  haloid  acids  (a)  upon  oxymonocarboxylic  acids: 

Hydracrylic  CH2(0H)CH2C02H  CH2C1 .  CH2  .  C02H  ^Chbrpropionic 

Lactic  Acid :  CH3CH(0H)C02H  — ^CH3CHBrC02H  a-Brompropionic  Acid 

Glyceric  Acid :  CH2(0H)CH(0H)C02H  CH2I .  CH2 .  C02H  ^IodSPi°niC 

(4^)  Bpon  lactones,  cyclic  anhydrides  of  y-  or  d-oxyacids  : 

f  — ^ ^  CH2Br  .  CHa  .  CH,  .  C02H 

■j  y-Brombutyric  Acid 

(-  — — — ^  ch2i  .  ch2  .  ch2  .  C02H 

y-Iodobutyric  Acid. 

(5)  Action  of  the  phosphorus  haloids,  particularly  PC15,  upon 
oxymonocarboxylic  acids.  The  product  is  the  chloride  of  a  chlorin¬ 
ated  acid,  which  water  transforms  into  the  acid  : 

CH3LaS?AcidC00H  +  2PCls  =  CH»*  CHC1  •  COC1  +  2POCI3  +  2HC1. 

a-Chlorpropionyl  Chloride. 

lialogern  fatty. acids  are  obtained  like  the  parent  acids 
nitric^  arid  ^  chJ°r Mated  alcohols  or  aldehydes  (p.  197)  w  t  1 
chlorate  (B.’ 18, "3^36)  :aCld’  potassium  permanganate  or  potassium 

driiThy  CH2C1 .  CHC1 .  CH2OH  — 

Chloral :  CCL  .  CHO - ® 


a/3-DichIor- 

CIi2Cl .  CHC1 .  C02H  propionic  Acid 


CCL .  COOH 


Trichloracetic 

Acid. 
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(7)  By  tbe  action  of  halogeu  hydrides  upon  diazo-fa.ty  acid  esters  (see  glyoxyhc 

“dd) :  cHNj .  CO, .  C.H.  +  HC1  =  CH.C1 .  CO,C,H5  +  N, 

(8)  When  the  halogens  act  upon  diazo-fatty  acid  esters : 

CHN,CO,C,H5  +  I,  =  CHI,CO,C,Hs  +  Nr 

Isomerism  and  Nomenclature.- Structurally,  isomeric  halogen  sub¬ 
stitution  products  of  the  fatty  acids  are  first  possib  e  with  i  p  I 
acid  To  indicate  the  position  of  the  halogen  atoms,  the  carDon 
atom  to  which  the  carboxyl  group  is  attached  is  marked  «,  whil 
other  carbon  atoms  are  successively  called J3,  r,  ».  '  , 

monochlorpropionic  acids  are  distinguished  as  a-  and  ^chlolTr  ' 
onic  adds,  while  the  three  isomeric  dichlorpropiomc  acids  arc 
aa;  pp-  and  ap  dichlorpropionic  acid,  etc. 

Deportment. — The  introduction  of  substituting  halogen  atoms  in¬ 
creases  the  acid  character  of  the  fatty  acids.  T  he  halogen  a  y  ac  > 
like  the  parent  acids,  yield,  by  analogous  treatment,  esters ,  c  i  on  e  , 

anhydrides ,  amides ,  nitriles ,  etc.  ,  .. 

Transpositions. — (i)  Nascent  hydrogen  causes  the  ha  ogen  su  s 
tion  products  of  the  fatty  acids  to  revert  to  the  parent  aci  s  re  ro 

gressive  substitution.  ,  or 

The  transpositions  of  the  monohaloid  fatty  acids,  w  uc  e 
same  relation  to  the  alcohol  acids  or  oxyacids  as  the  alkylogens  sus 
to  the  alcohols,  are  especially  important.  In  both  classes  tea  og 
atoms  enter  the  reaction  under  similar  conditions. 

(2)  Boiling  water,  caustic  alkali,  or  an  alkaline  carx:*liate  so aU. 
generally  brings  about  an  exchange  of  hydroxyl  for  the  a  ogen 

However,  in  monohalogen  products,  the  position  of  the  halogen  ato™>  acids 

ence  to  carboxyl,  will  materially  affect  the  course  of  the  reaction:  «■ 
yield  a-oxyacids,  /3-haloid  acids  split  off  the  haloid  acid  an  lactones 

acids ;  y-halogen  acids,  on  the  contrary,  yield  y-oxyacids,  which  read  y  > 

(B.  219,  322) : 


CH2C1 .  COOH 
CH2C1 .  CH2 .  COOH 


HuO 


h2o 


CH2(0H)C02H 


>ch2=ch  .  co2h 


v^n2^i .  * - z  , _ _ _ , 

CH2C1 .  ch2  .  CH2 .  COOH  — — — >  CH2o .  ch2  .  CH2CO. 

(3)  Ammonia  converts  the  halogen  fatty  acids  into  amido  acids. 

Nucleus- synthetic  Reactions. — (4)  Potassium  cyanide  pro  - 

fatty  acids — half-nitrile  fatty-acids ,  which  hydroch  one  a 
to  dibasic  acids.  They  will  be  considered  after  the  latter : 


ch2ci.co2h 

Chloracetic  Acid 


KCN 


+  ch,<^h  ch,<S;" 

Cyanacetic  Acid  Makmic  Acid. 


The  monohalogen  acids  furnish  a  means  of  building  up  the 
acids  from  the  monocarboxylic  acids. 


274 


ORGANIC  CHEMISTRY. 


(5  ,  DicarboxyKc  adds  have  been  obtained  from  monohalogen  carboxylic  ^ 
by  means  of  metals  (Ag) :  *  ^ooxjhc  acids 

2CH,ICH,CO,H  +  2Ag  =  “•  ■  ;  “>»  +  2AgI. 

Adipic  Acid. 


(6)  and  (7)  The  esters  of  the  mono-haloid  fatty  acids  have  been  applied  in  the 
circle  of  the  aceto- acetic  ester  and  malonic  ester  syntheses,  and  as  results  we  have 
/J-ketone-dicarboxylic  acids,  ^-ketone-tricarboxylic  acids,  and  tricarboxylic  and  tetra- 
carboxylic  acids. 


Substitution  Products  of  Acetic  Acid. 

Chlorine  Substitution  Products . — The  relations  of  the  three  chloracetic  acids  to 
the  oxygen  derivatives,  whose  anhydrides  they  may  be  considered,  are  evident  in  the 
following  tabulation  (compare  pp.  1 25,  199)  : 


Monochloracetic  Acid,  CH^Cl .  C02H,  correspondsto  Glycollic  Acid,  CH/)H .  C02H 
Dichloracetic  Acid,  CHClj .  COjH,  corresponds  to  Glyoxylic  Acid,  CHO .  C02H 
Trichloracetic  Acid,  CClj.  COjH,  corresponds  to  Oxalic  Acid,  CO^H  .  CO^H. 


Monochloracetic  Acid,  CH2C1.C02H,  melts  at  62°  and  boils  at  1S5— 187°. 
After  fusion  it  solidifies  to  an  unstable  modification,  melting  at  5 2°.  This  slowly 
reverts  spontaneously  to  the  ordinary  acid  (B.  26,  R.  3S1).  Its  sodium  and  silver 
salts,  on  the  application  of  heat,  yield  polyglycolide. 

When  monochloracetic  acid  is  heated  with  alkalies  or  water,  the  chlorine  is 
replaced  by  the  hvdroxyl  group,  and  we  get  oxyacetic  acid  or  glycollic  acid 
(CjH^OHJOj).  Amido-acetic  acid,  CH,(NH*)  .  C02H,  or  glycocoll,  results  when 
the  monochloracid  is  digested  with  ammonia. 

The  ethyl  ester  boils  at  143.50. 

The  chloride  boils  at  106° ;  the  bromide ,  at  1270  ;  the  anhydride  melts  at  40 
boils  at  no°  (II  mm.)  (B.  27,  2949);  the  amide  melts  at  Il6°  and  boils  at  224- 
2250  ;  the  nitrile  boils  at  1240.  .  . 

Dichloracetic  Acid,  CHC1,  .  CO,H,  is  produced  when  chloral  is  heated  witn 
CNK  or  potassium  ferrocyanide  and  some  water.  If  alcohol  replace  the  *aie^ 
dichloracetic  esters  are  formed.  The  prussic  acid  in  the  presence  of  chloral  enects  a 
decomposition  of  water  into  its  components  (B.  10,  2124): 


CC1S .  CHO  +  HjO  -f  CXK  =  CHC1, .  CO,H  +  KC1  +  CNH. 

It  boils  at  from  1900— 1910.  When  its  silver  salt  is  boiled  with  a  little  "Jker* 
glyoxylic  acid  (see  this)  is  produced. 

Methyl  ester  boils  at  I42°-I44°. 

The  ethyl  ester  boils  at  158°.  The  anhydride  boils  at  2l4°-2l6°,  without  decom 
position  ;  the  amide  melts  at  9S0  and  boils  at  2340  ;  the  nitrile  boils  at  1 1 3°;  ,  . 

Trichloracetic  Acid,  CC1S .  CO,H,  the  officinal  Acidum  trichloraceticu™  > 
first  prepared  by  Dumas  (1839)  when  he  allowed  chlorine  to  act  in  the  sunlight  up° 
acetic  acid  (A.  32,  101).  Without  essentially  changing  the  chemical  character,  * 
hydrogen  atoms  of  the  acetic  acid  were  replaced  by  chlorine — a  fact  upon  " 
Dumas  then  erected  the  type  theory  (p.  35).  Kolbe  (1S45)  made  the  acid  by  ine 
oxidation  of  chloral  with  concentrated  nitric  acid  (A.  54,  1S3 ),  and  demonstrated  ho" 
it  could  be  prepared  synthetically  from  its  elements : 


C  +  2S 


>CS, 


Cl* 


Heat 

>  CC14 - 


CC1,  cu,  2H-0  COOH 
>  — - >  I  .  • 

CCl*  Sunlight  CC1S 


The  carbon  disulphide  resulting  from  carbon  and  sulphur  is  converted  by  the 
chlorine  into  carbon  tetrachloride,  which  on  the  application  of  heat  becomes  per 
chlorethylene,  CC1,=  CCi*  (p.  105),  and  it,  in  turn,  by  the  action  of  chlorine  and 
water,  aided  by  sunlight,  yields  trichloracetic  acid.  This  was  the  first  synthesis  oi 


halogen  substitution  products  of  the  FATTY  ACIDS. 

V.  i  had  previously  shown  that  potassium  amalgam  in  aqueous 

iSA  ^0  into  chioroform 

acid  and  alcohols  (B  9>  /  . ,  •  acts  upon  perchlorethylene  (B.  27,  R- 

Sling  at  Ii8°,  is  formed  wl den  ozon^ed  a r  «t^P  *^he  br0Jde  boils  at  143° ; 

509  ;  compare  synthesis  of  tnch  or  and  boils  at  239°;  the  nitrile  boils 

the  anhydride  at  2240 ;  the  awtt  <?  me  5  ^  CC1,  melts  at  340  and  boils  at  192° 

a  830  '  Perchloracetic  methyl  ester ,  <X1S .  DU2<^ls,  mens  ^ 

mile  melts  at  910,  and  the  nitrile  bods  at  148-150  . 

Dibromacetic  Acid,  C2H2Br202,  melts  at  54-5  >  *?  ,  1  S  2  258|3boils  at 

The  ethyl  ester  boils  at  1920 ;  the  bromide ,  CHBr2.COBr  (pp.  105,  5  J> 

104°,  and  the  amide  melts  at  1 56°.  _  ..  A  .f1  jArAninA. 

'  Tnbromacetic  Acid,  C2HBr302,  melts  at  1350,  and  boils  at  245  ,  Wltl! 
sition.  Its  ethyl  ester  boils  at  2250 ;  the  bromide  at  220  -225  »  t  e  ami  e 
120-121°;  the  nitrile  boils  at  1 70°.  It  is  a  dark  red  liquid,  which  HC1  changes 
the  polymeric  trinitrile,  melting  at  129°  (B.  27,  R.  73°)-  „  0 

Iodoacetic  Acids. — Moniodoacetic  Acid,  C2H3I02,  melts  at  02  . 

Di-iodoacetic  Acid,  CHI, .  CO,H,  melts  at  no°.  ,  .  , 

Tri-iodoacetic  Acid  melts  at  150°  The  last  two  compounds  have  been  obtained 
from  malonic  acid  and  iodic  acid  (B.  26,  R.  597)*  Compare  iodoform,  page  235- 

Substitution  Products  of  Propionic  Acid.  w 

The  a-monohaloid  propionic  acids  contain  an  asymmetric  carbon  atom  ,  ence 
esters  are  known,  for  example,  in  an  active  form.  They  are  prepare  accoruinfe  o 
methods  40  and  5  (p.  272).  The  8-monohalogen  acids  are  derived  from  aery. tc 
acid  by  method  3  (p.  272),  and  3- iodopropionic  acid  from  glyceric  acid  b\  met  4^- 
a-Chlorpropionic  Acid,  CH3 .  CHC1.CO.H ,  boils  at  iS6°.  Its  ethyl 
81  j^3:  it %  chloride  at  109-no0;  its  amide  at  8o°;  its  nitrile  a  1 

0  Brompropionic  Acid  melts  at  24.5°  and  boils  at  205°.  Its  etky  es  er 
162  i  its  bromide  at  153°  (A.  280,  247);  its  anhydride  at  120  (5  ““■)  (•  7’ 

2949'-  a- Iodopropionic  Acid  is  a  thick  oil.  Dextrorotatory  a-  . 

“  Brompropionic  Esters  have  been  prepared  from  sarcolactic  aci  •  »  ^  1- 

miorpropionic  Acid,  CH2C1 .  CII2  .  COtH,  melts  at  4i;5°«£ 

methyl  ester  boils  at  .56°;  its  ethyl  ester  boils  at  162  its  cMonde 
l  43-145°.  ^-Brompropionic  Acid  melts  at  61.5°;  its  ethyl  ester  boih  at 

^70°  (10  mm.);  its  bromide  boils  at  I54“I55°*  /3-Iodoprop  amide  melts 

82°;  the  methyl  ester  boils  at  188° ;  th e  ethyl  ester  at  202°;  and  the  amide  melt, 

rvu  1^'  2I’  97)*  .  . ,  f  .1,-  chlorination  and  bromination 

Dihalogen  Propionic  Acids.— aa-Acids,  from  the  ^y.lr,r;ne  anci  bromine  to 
°f  propionic  acid  (B.  18,  235)  ;  aj3-acids,  by  the  addition  of  chlon  -  ^  ^  ^ 

^ryhc  acid,  bv  the  addition  of  a  halogen  hydride  to  a-  a  ogen  -  addition  of  a 
5*  oxidation  of  the  corresponding  alcohols  (p.  272);  fifi-acids,  by  tne 
“logen  hydride  to  /3-halogen  acrylic  acids.  iSc°_iqo°  The  ethyl 

‘  TheliteSuX^'  "cM,  CO  ?  CO.H  (pyioiacemic  acid),  and  aa-d.chl.,- 

"SSs^; su  -  6i°  - «— -  ** 

atI9°°-  _  .  ..  rMri  cHQ.  CO,H,  melts  at  50°  and  boils  at  210  . 

G^-Dichlorpropionic  Acid,  CH2 

The  ethyl  ester  boils  at  184°. 
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a/3  Dibrom propionic  Acid  is  capable  of  existing  in  two  allotropic  modifications, 
which  can  be  readily  converted  one  into  the  other.  The  one  form  melts  at  510,  the 
oiher,  more  stable,  at  64°.  The  acid  boils  at  2270,  with  partial  decomposition.  The 

ethyl  ester  boils  at  21  l°-2I4°.  ..  .  U1J  .  t  n  _ 

/?,3-Dibrompropionic  Acid,  from  /Tbromacrylic  acid  and  H  Br,  melts  at  71°  (B. 

27,  R.  257). 

Substitution  Products  of  the  Butyric  Acids. 

a-Chlor-n-butyric  Acid,  CH, .  CH2 .  CHC1 .  C02II,  is  a  thick  liquid.  Its  ethyl 
ester  boils  at  156-160°.  Its  chloride ,  boiling  at  129-132°,  is  obtained  from  butyryl 

chloride  (A.  153,  241).  0 

a-Brombutyric  Acid,  from  butyric  acid,  boils  at  215  • 
d-Chlor-n-butyric  Acid  is  obtained  from  allyl  cyanide. 

p. Brom-n-butyric  Acid  and  /3-Iodo-n-butyric  Acid  (melting  at  no0)  (B.  22, 
R.  741}  have  been  obtained  from  crotonic  acid. 

y-Chlor-n-butyric  Acid,  CH2C1 .  CII2 .  CI12 .  C02H,  melts  at  10  .  Trimethy- 
lene  Chlorobromide,  CH2C1 .  CII2 .  CH2Br,  and  KCN,  yield  the  y-chlorbutyric 
nitrile,  boiling  at  195-197°  (B.  23,  1771).  The  acid  is  obtained  from  this,  and  when 
distilled  at  200°  it  yields  HC1  and  butyro-lactone  (see  this). 

v-Brom-  and  y-Iodobutyric  acids  result  from  butyro-lactone  (see  this)  by  the 
action  of  HBr  and  HI  ;  the  first  melts  at  330,  the  second  at  41°  (B.  19,  R-  165V 
a/3-Dichlorbutyric  Acid,  CH3  .  CHC1  .  CHC1  .  C02H,  melts  at  63®  ap- Di- 
brombutyric  Acid  melts  at  85°.  Both  are  obtained  from  crotonic  acid. 

aap- Trichlorbutyric  Acid,  C4H5C1302,  appears  in  the  oxidation  of  trichlorbutyr- 
aldehyde  and  by  the  action  of  chlorine  upon  chlorcrotomc  acids  (B.  28,  2001). 

aa/3-Tribrombu tyric  Acid  melts  at  105°.  The  solutions  of  the  sodium  salts  of 
both  acids  break  down  when  warmed  into  C02,  sodium  halide,  and  aa-dichloi-  an 

aa-dibrompropylene  (B.  28, 2663).  .,  eo 

a-Bromisobutyric  Acid,  ((JH3)2 .  CBr .  C02H,  melts  at  48  and  boils  a  9 

200°.  Its  anhydride  melts  at  63°  (B.  27,  2951). 


Halogen  Substitution  Products  of  Higher  Fatty  Acids. 

a-Monobrom-acids  of  some  of  the  higher  fatty  acids  have  been  prepared  >y 
bromination,  or  by  the  action  of  bromine  in  the  presence  of  phosphorus  (B.  25,  4  0 

Furthermore,  such  derivatives  arise  from  the  addition  of  halogen  hydri  es  a 
halogens  to  unsaturated  acids.  ,  t-  _tv 

The  dibrom-addition-products  of  the  unsaturated  acids  have  been  ex  .  .  , 
studied.  Water  almost  invariably  sets  the  COOH  free  from  the  a/3-dibromides  wi  1 
formation  of  brominated  hydrocarbons,  etc. ,  whereas  carbon  is  never  split  o 
the  (iy-  and  y6- derivatives,  but  the  first  products  are  brominated  lactones,  lrom 
oxylactones  and  y-ketonic  acids  are  simultaneously  obtained  (A.  268,  55)- 


B.  OLEIC  ACIDS,  OLEFINE  MONOCARBOXYLIC  ACIDS, 

CnH2n_iC02H. 

The  acids  of  this  series,  bearing  the  name  Oleic  Acids,  because 
oleic  acid  belongs  to  them,  differ  from  the  fatty  acids  by  containing 
two  atoms  of  hydrogen  less  than  the  latter.  They  also  bear  the  sarn 
relation  to  them  that  the  alcohols  of  the  allyl  series  do  to  the  norm 
alcohols.  We  can  consider  them  derivatives  of  the  alkylens,  CJ  •*’ 
produced  by  the  replacement  of  one  atom  of  hydrogen  by  the  ca  - 
boxyl  group. 

Some  of  the  methods  employed  for  the  preparation  of  the  un^a  u^ 
rated  acids  are  similar  to  those  used  with  the  fatty  acids.  L>tiie 
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d  to  the  methods  used  with  the  olefines,  and  others,  again, 

iX®  5® — - «•  *“*- 

hvde  afford  acrylic  acid : 


CH,:CH.CH,.OH 
Allyl  Alcohol 


-^CH,:  CH.CHO- 

Acrole'in 


-^CH 


CH .  CO,H. 


Acrylic  Acid. 


(2)  The  action  of  alcoholic  potash  (p.  272)  uPon  the  monohalogen 
derivatives  of  the  fatty  acids : 

CH} .  CH, .  CHC1 .  CO,H  and  CH3 .  CHC1 .  CH, .  CO,H  yield  CHs  *  .  0)aH 

a-Chlorbutyric  Acid  /3-Chlorbutyric  Acid  Crotomc  A  . 

The /3-derivatives  are  especially  reactive,  sometimes  parting  with  halogen  hydrides 
on  boiling  with  water  (p.  272),  whereas  the  y-halogen  acids  yield  oxy-aci  s  an 
lactones.  (3)  Similarly,  the  a/3-derivatives  of  the  acids  (p.  274)  readily  ose  wo 
halogen  atoms,  (a)  either  by  the  action  of  nascent  hydrogen — 


CH2Br.CHBr.C02H  +  2H  =  CH2:  CH  .  COaH  +  2HBr, 

a^-Dibrompropionic  Acid  Acrylic  Acid. 

or  (5)  even  more  readily  when  heated  with  a  solution  of  potassium  iodide,  in  which 
instance  the  primary  di-iodo-compounds  part  with  iodine  (p.  ij1)" 


CH,I .  CHI .  CO,H  =  CH,:  CH  .  CO,H  +  I,. 


(4)  The  removal  of  water  (in  the  same  manner  in  which  the  alky- 
lens  C0H2n  are  formed  from  the  alcohols)  from  the  oxy-fatty  acids  (the 
acids  belonging  to  the  lactic  series)  : 


CH,.  CH(OH)  .  CO,H  and  CH,(OH)  .  CH, .  CO,H  yield  CH, :  CH  •  CO,H. 

a‘Oxypropionic  Acid  P-Oxypropionic  Acid  Acrylic  Acid. 

Here  again  the  ^-derivatives  are  most  inclined  to  alteration,  losing  water  when 
neated.  The  removal  of  water  from  a-derivatives  is  best  accomplished  by  acting  on 
!“e  esters  with  PCI,.  The  esters  of  the  unsaturated  acids  are  formed  first,  and  can 
e  sa  onificd  by  means  °f  alkalies.  f 

15)  From  the  amido-fatty  acids  by  the  splitting-off  of  the  amido-group  alter  tne 
fTointroduction  *he  methyl  group. 

'  )  Fy  the  addition  of  hydrogen  to  acetylene  carbonic  acids : 

Petrolic  Acid,  CH3.C  •  C  .  CO,H  +  zH  =  CH3 .  CH :  CH  .  CO,H,  Crotonic  Acid. 

Nucleus-synthetic  Methods.— (7)  Some  may  be  prepared  synthetically 
fr°m  the  halogen  derivatives,  CDH,.,X,  aided  by  the  cyanides  (see 
P.  24o);  thus  allyl  iodide  yields  allyl  cyanide  and  crotonic  acid,  anti 
the  point  of  double  union  is  changed  : 


CH2  =  CHCH,I 


CH.CH  =  CHCN 


CH3CH  =  CHCO,H. 


The  replacement  of  the  halogen  by  CN  in  the  compounds  CJV+,  X  is  conditioned 
hy  the  structure  of  the  latter.  Although  allyl ^  iodide,  CH, :  CH  .  ^ 


j  siruciure  ot  tne  latter.  ,  * '  n 

cyanide,  ethylene  chloride,  CH,:CHC1,  and  /3-chlorpropylene,  CI1S 

n°t  capable  of  this  reaction.  ,  ,  .  .  ,  „t-  „  ThU 

(8)  Some  acids  have  been  synthetically  prepared  by  Pe.^m  s  reaction.  T1 
feadily  executed  with  benzene  derivatives.  It  proceeds  with  difficulty  the  t  y 
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series.  It  consists  in  letting  the  aldehydes  act  upon  a  mixture  of  acetic  anhydride 
and  sodium  acetate  (compare  Cinnamic  Acid) : 

C«Hl3CHO  +  CH3 .  C02Na  =  C6H13 .  CH  =  CH  .  C02Na  +  H20. 

CEnanthol  Nonylenic  Acid. 

/3-Dimethylacrylic  acid  is  obtained  from  acetone,  malonic  acid  and  acetic  anhy¬ 
dride  (B.  27,  1574). 

Pyroracemic  acid  acts  analogously  with  sodium  acetate  ;  carbon  dioxide  splits  off 
and  crotonic  acid  results  (B.  18,  987). 

Methods  of  formation,  dependent  upon  the  breaking-down  of  long 
carbon  chains : 

(9)  The  decomposition  of  unsaturated  fi-ketonic  acids ,  synthetically  prepared  by 
the  introduction  of  unsaturated  radicals  into  aceto-acetic  esters.  Allyl  aceto-acetic 
ester  yields  allyl  acetic  acid  (p.  284). 

( 10)  Decomposition  of  unsaturated  malonic  acids ,  containing  the  two  carboxyl 
groups  attached  to  the  same  carbon  atom  (p.  241): 


CH3 .  CH  :  C(C02H)2  =  CH3  .  CH  :  CH  .  C02H  +  C02. 

Ethidene-malonic  Acid  Crotonic  Acid. 

(11)  Unsaturated  fty -acids  are  prepared  by  distilling  y-lactone -^-carboxylic  acids, 
alkylized  paraconic  acids  (B.  23,  R.  91).  In  the  same  manner  yd-unsaturated  acids 
result  from  the  cMactone-y-carbonic  acids  (B.  29,  2367)  : 


Methyl  para¬ 
conic  Acid, 


fi-Caprolactone- 
y-carboxylic  Acid, 


C02H  _ cqo  y  (3  a 

CHS.  CH .  CH  .  CH2 - ^  CHS  .  CH  :  CH .  CH2 .  C02H 

6 - CO  Ethidene-propionic  Acid 

C02H  6  y  p  a  -j 

CHS . CH . C .  Clf2 .  CH2 - ^  CH# .  CH  :  CH  .  CH2 .  CII2 .  C02H 

6 - CO  y5-Hexenic  Acid. 


Isomerism. — An  isomeride  of  acrylic  acid  is  not  known,  or  possible. 
The  second  member  of  the  series  has  three  structurally  isomeric,  open- 
carbon  chain  modifications : 

„  XOoH 

(1)  CH8.CH  =  CH.C02H;  (2)CH2  =  CH.CH2.C02H;  (3)CH2  =  C<cHjj 


In  fact,  there  are  three  crotonic  acids — the  ordinary  solid  crotonic 
acid ,  tsocrotonic  acid  and  mcthylacrylic  acid.  Formerly,  formula  2 
was  ascribed  to  isocrotonic  acid.  There  is,  however,  much  favoring 
the  view  that  both  acids— the  ordinary  solid  crotonic  acid  and  iso¬ 
crotonic  acid — have  the  same  formula.  Hence  it  is  assumed  that  cro¬ 
tonic  and  isocrotonic  acids  are  merely  geometric,  stereo-  or  space-isomer- 
ides.  Compare  crotonic  acids,  p.  282. 

Numerous  pairs  of  isomerides,  where  differences  may  be  similarl) 
indicated,  attach  themselves  to  crotonic  and  isocrotonic  acids — -an- 
gelic  and  tiglic  acids;  oleic  and  ela'idic  acid ;  erucic  and  brassidie 
acids. 

1  he  monocarboxylic  acids  of  tri-,  tetra-,  penta-,  and  hexamethy- 
lene  are  structurally  isomeric  with  the  acids  C3H5.  CQ2H,  C4H7C02H, 
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QHjCOjH,  C6HuCOsH.  Further,  the  trimethylene  carboxylic  acid , 
CH 

•  2>CH .  COjH,  is  isomeric  with  the  three  crotonic  acids,  and 

Lilj 

CH 

tetramethylene  carboxylic  acid,  CH2<^H2>CHC02H,  etc.,  with  the 

acids  C4H7C02H.  Compare  p.  89. 

Properties  and  Transpositions. — Like  the  saturated  acids  in  their  en¬ 
tire  character,  the  unsaturated  derivatives  are,  however,  distinguished 
by  their  ability  to  take  up  additional  atoms.  They  unite  the  proper¬ 
ties  of  a  fatty  acid  with  those  of  an  olefine. 

(1)  On  combining  with  two  hydrogen  atoms  they  become  fatty 
acids. 


The  lower  members,  as  a  general  thing,  combine  readily  with  the  H2  evolved  in 
the  action  of  zinc  upon  dilute  sulphuric  acid  ;  while  the  higher  remain  unaffected. 
Sodium  amalgam  apparently  only  reduces  those  acids  in  which  the  carboxyl  group  is 
in  union  with  the  doubly-linked  pair  of  carbon  atoms  (B.  22,  R.  376).  All  may  be 
hydrogenized,  however,  by  heating  with  hydriodic  acid  and  phosphorus. 


(2)  They  combine  with  halogen  hydrides,  forming  monohalogen 
fatty  acids.  In  so  doing  the  halogen  atom  attaches  itself  as  far  as 
possible  from  the  carboxyl  group  (p.  274). 

(3)  They  unite  with  the  halogens  to  form  dihalogen  fatty  acids 

(P-  274). 

All  these  transformations  have  already  been  given  as  methods  of 
forming  fatty  acids  and  their  halogen  derivatives. 

(4)  Ammonia  converts  the  olefine  carboxylic  acids  into  amido-fatty  acids ;  crotonic 
acid  yields  /3-araidobutyric  acid.  Hydrazine  and  phenylhydrazine  deport  themselves 
similarly  with  the  same  compounds. 

(5)  Diazoacetic  ester  combines  with  the  olefine  carboxylic  esters  to  produce  pyra- 
zoline  carboxylic  ester;  acrylic  ester  and  diazoacetic  ester  yield  3. 4-pyrazoline  car - 

oxylic  ester  (see  this)  (Buchner,  A.  273,  222). 

(6)  The  behavior  of  unsaturated  acids  toward  alkalies  is  especially 

noteworthy. 


( a )  When  heated  to  ioo°,  with  KOH  or  NaOH,  they  frequently  absorb  the  ele¬ 
ments  of  water  and  pass  into  oxyacids.  Thus,  from  acrylic  acid  we  obtain  a-lactic 

ac;d  (CH, :  CH  .  CO,H  +  H,0  =  CH, .  CH(OH) .  CO,H),  and  malic  from  fumaric 
acid,  etc.  21s  s  v  ' 

Py- Unsaturated  acids  rearrange  themselves  to  a/?-un  saturated  acids  (I  ittig.  A. 
283.  47.  269;  B.  28,  R.  140)  when  they  are  boiled  with  caustic  alkali;  the  double 
Union  is  made  to  take  a  new  position  : 


ptr  y  £  a 

H3  •  CH2 .  CH  =  CH  .  CH, .  COOH 


Hydrosorbic  Acid 


->  CH..CH,.  CH,.CH  :  CH.  COOH. 

11-Butylidene  Acetic  Acid. 


(c)  When  fused  with  potassium  or  sodium  hydroxide  their  double 
union  is  severed  and  two  monobasic  fatty  acids  result : 


CH, 


CH .  C02II 


+  2H2o  =  ch2o2  +  cir,.C0H  +  h2 

Acrylic  Acid"  Formic  Acid  Aceuc  Acid 

CH,CH  :  CH  .  C02H  +  2HsO  =  CH, .  CO.H  4-  CH,  •  CO  H  +  r 

Crotonic  Acid  Acetic  Acid  Acetic  Acia. 


2  So 
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The  decomposition  occasioned  by  fusion  with  alkali  is  not  a  reaction 
which  can  be  applied  in  ascertaining  constitution,  because  under  the 
influence  of  the  alkali  there  may  occur  a  displacement  or  rearrange, 
ment  of  the  double  union.  c  ° 


(7)  Oxidizing  agents  like  chromic  acid,  nitric  acid  and  permanganate  of  potash  have 
the  same  effect  as  alkalies.  ( a )  1  he  group  linked  to  carboxyl  is  usually  further  oxi¬ 
dized,  and  thus  a  dibasic  acid  results. 

(t>)  When  carefully  oxidized  with  permanganate,  the  unsaturated  acids  sustain 
an  alteration  similar  to  that  of  the  olefines  ;  dioxy-acids  result  (Fittig,  B.  21,  1887). 

CH3  CH  :  C(C2H5)C02H  +  O  +  H20  =  CH3CH(OH)_C(OH)(C2II5)C02H 

a-Ethyl  Crotonic  Acid  a-Ethyl-i3-niethyl  Glyceric  Acid. 

(8)  y9y-Un saturated  acids  when  heated  with  dilute  sulphuric  acid 
change  to  y-lactones : 

(CHa)iC  :  CH  •  CH2C02H  - ^  (CH3)2C  .  CH2 .  CH2 .  COO 

Pyroterebic  Acid  Isocaprolactone. 

1.  Acrylic  Acid  [. Propen-Acid ],  CH2:  CH  .  C02H,  melting  at  f 
and  boiling  at  139-140°,  is  obtained  according  to  the  general  methods: 

(1)  krorn  /3-chlor-,  /3  brom-,  or  /9  iodo  propionic  acid  by  the  action 
of  alcoholic  potash  or  lead  oxide. 

(2)  From  a/5-dibrompropionic  acid  by  the  action  of  zinc  and  sul¬ 
phuric  acid,  or  potassium  iodide. 

(3)  By  heating  /3-oxypropionic  acid  (hydracrylic  acid). 

The  best  method  consists  in  oxidizing  acrolein  with  silver  oxide,  or 
by  the  transposition  of  acrolein,  by  successive  treatment  with  hydro¬ 
chloric  and  nitric  acid,  into  /9  chlorpropionicacid,  and  the  subsequent 
decomposition  of  this  acid  by  caustic  alkali  (B.  26,  R.  777). 

Acrylic  acid  is  a  liquid  with  an  odor  like  that  of  acetic  acid.  R 
is  miscible  with  water.  If  allowed  to  stand  for  some  time,  it  is  trans¬ 
formed  into  a  solid  polymeride.  By  protracted  heating  on  the  water- 
bath  with  zinc  and  sulphuric  acid  it  is  converted  into  propionic  acid. 
1  his  change  does  not  occur  in  the  cold.  It  combines  with  bromine 
to  form  aft-dibrompr opionic  add,  and  with  the  halogen  hydrides  to 
yield  $  substitution  products  of  propionic  acid  (p.  275).  If  fused  with 
caustic  alkalies,  it  is  broken  up  into  acetic  and  formic  acids. 


O  rrvT  \vlt’  $>[Is02AS’  consists  of  shining  needles.  The  lead  salt,  (C3HS- 
°a)-n  ’  ,7  /t  lZeSV’n, long’  s,lky-  glistening  needles. 

hvJtt  nc  Xf  -S’  VVV  C2H5>  obtained  from  the  ester  of  a/3-dibrompropionic  acid 

by  means  of  zinc  and  sulphur.c  acid,  is  a  pungent-smelling  liquid  boiling  at  101-102°. 

H  1  %  ?ome  Polymerizes  to  a  solfd  mass, 

rri  mi  n  k  -i’  CH2  :  CH  .  CO  .  Cl,  boils  at  75-76°;  acrylic  anhydride  [CH,:- 
CH  .  C0]20,  boils  at  97°  (35  mm. )  ;  acryl  amide,  CH.,  :  CH  CONH  melts  at  84- 
85°.  a"d  acryl  nitrile,  vinyl  cyanide,  CH,  :  CH  .  CN  boils  at  78°  H?  26  R  776)- 
ST  ^"-Th'r=  «  <”'»  isomeric 

di2S 

with  HC1  at  100°  to  produce  ^-dichlorpropionk  acid  f  B  xo  r^5’  S'  T 
/J-Chloracrylic  Acid  is  ,  roduced  together  with  dicliloracr’ylifadd'in  the  reduc- 
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tion  of  chloralide  with  zinc  and  hydrochloric  acid  (A.  203,  83;  239,  263),  also  from 
propiolic  acid,  C3Hs02  (p.  287),  by  the  addition  of  HC1.  It  melts  at  84°  (A.  203, 
It  unites  with  HC1  to  /33-dichlorpropionic  acid.  The  ethyl  ester  boils  at  I460. 
(i-Bromacrylic  Acid  melts  at  69-70°. 

/?-Bromacrylic  Acid  melts  at  115-116°. 

£  Iodoacrylic  Acid,  C3H3I02,  is  known  in  two  modifications,  one  melting  at 
139- 140°,  the  other  at  65°  (B.  19,  542). 

a/J-Dichloracrylic  Acid  melts  at  87°.  /3/3-Dichloracrylic  Acid  melts  at  76-77°. 
a/J-Dibromacrylic  Acid  and  /3/3-Dibromacrylic  Acid  both  melt  at  85-86°. 
Di-iodo-acrylic  Acid  melts  at  106° ;  /3/3-Di-iodo-acrylic  Acid  melts  at 
1 33°  (B-  18,  2284). 

Trichloracrylic  Acid  melts  at  76°. 

Tribromacrylic  Acid  melts  at  117-118°.  * 


2.  Crotonic  Acids,  C3H5 .  C02H. 

In  the  introduction  to  the  olefine  carboxylic  acids  the  isomerism  of 
the  crotonic  acids  was  made  evident,  and  it  was  shown  that  the  cause 
of  the  difference  between  crotonic  and  isocrotonic  or  quartenylic  acid 
was  sought  in  the  different  arrangement  of  the  atoms  in  the  molecules 
of  the  two  acids,  in  the  sense  of  the  following  formulas  (A.  248,  281) : 


HCC02H 

II 

HC.CH3 
Crotonic  Acid 
(Plane  Symmetric  ConSg.) 


HC.C02H 

II 

ch3ch 

Isocrotonic  or  Quartenylic  Acid. 
(Axial  Symmetric  Config.) 


The  ordinary  solid  crotonic  acid  is  the  ^/V-crotonic  acid,  because  it 
can  be  reduced  by  means  of  sodium  amalgam  to  tetrolic  acid  (B.  22, 
ii83) )  and  isocrotonic  acid  would  then  be  the  cis  trans  crotonic  acid 
51)*  (However,  the  experimental  basis  for  the  determination  of 
the  so-called  configurations  are  very  uncertain ;  compare  B.  25,  R- 
855,  856;  J.  pr.  Ch.  [2]  46,  402.  Furthermore,  the  unitary  nature 
of  isocrotonic  acid  has  again  been  thrown  in  doubt;  compare  B.  26, 
l08;  and  also  A.  268,  16;  283,  471  B-  29>  1639). 

Inc  melting  and  boiling  points  of  both  crotonic  acids  and  their 
nwnochlor-  and  dichlor-substitution  products  are  presented  below  in  a 
tabular  form  : 


(x  )  Crotonic  Acid 

CIH>C  1  C<h°’H 

m.  p. 

72°; 

b.  p.  180°. 

(i«)  a-Chlorcrotonic  Acid 

CHj>C;C<“>H 

it 

99°; 

“  212°. 

(^)  /3-Chlorcrotonic  Acid 

CHj-^p .  r^C02H 
C|>C :  C<H 

it 

94°; 

“  200°. 

a-Bromcrotonic  Acid 

CH3  .  C  .  C^CO*H 

H>CC<Br 

ii 

106.5°. 

(Id/)  ,3-Bromcrotonic  Acid 

CH3^r .  c^CO*H 
b»>c.c<h 

a 

95°- 

^  )  Isocrotonic  Acid 

ch>c  c<h  Tr 

liquid 

“  75°  (23  mm.). 

(2tf)  a-Chlorisocrotonic  Acid 

H^.cc<rco*H 

CH>C-C<C1 

m.  p. 

66.5°. 

(2<^)  /J-Chlorisocrotonic  Acid 

cL  r .  c<^cosh 

CH  >C  C<H 

it 

59°; 

“  I95°- 

( 2c )  a-Bromisocrotonic  Acid 

H  „  ,CO.H 

ch>C:C<B' 

it 

92°. 

24 
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1.  Ordinary  Crotonic  Acid  is  obtained: 

(1)  By  the  oxidation  of  crotonaldehyde,  CHS .  CH  :  CH  .  COH 
(p.  277). 

(2)  By  the  action  of  alcoholic  potash  upon  a-brombutyric  acid  and 
/3-iodobutyric  acid  and 

(3)  KI  upon  a,3-dibrombutyric  acid. 

(4)  By  the  dry  distillation  of  /3-oxybutyric  acid,  CH3 .  CH(OH)  .  - 
CH2 .  C02H. 

(5)  By  the  action  of  sodium  amalgam  on  tetrolic  acid. 

(6)  From  allyl  iodide  by  means  of  the  cyanide  (B.  21,  494). 

(7)  The  most  practicable  method  of  obtaining  crotonic  acid  is  to 
heat  malonic  acid,  CH2(C02H)2,  with  paraldehyde  and  acetic  anhy¬ 
dride.  The  ethidene  malonic  acid  first  produced  decomposes  into 
C02  and  crotonic  acid  (p.  278)  (A.  218,  147)- 

Crotonic  acid  crystallizes  in  fine,  woolly  needles  or  in  large  plates. 
It  dissolves  in  12  parts  water  at  20°.  The  warm  aqueous  solution  will 
reduce  alkaline  silver  solutions  with  the  formation  of  a  silver  mirror. 
Zinc  and  sulphuric  acid,  but  not  sodium  amalgam,  convert  it  into 
normal  butyric  acid.  It  combines  with  HBr  and  HI  to  yield  /3-brom- 
and  /3-iodobutyric  acid,  and  with  chlorine  and  bromine  to  a/3  dichlor- 
and  a/3-dibrombutyric  acids.  Its  methyl  ester  combines  at  1800  with 
sulphur  (B.  28,  1636).  When  fused  with  caustic  potash,  it  breaks  up 
into  two  molecules  of  acetic  acid;  nitric  acid  oxidizes  it  to  acetic 
and  oxalic  acids,  and  potassium  permanganate  oxidizes  it  to  dtoxy- 
butyric  acid  (A.  268,  7). 


(la)  a-Chlorcrotonic  Acid,  CHS .  CH :  CC1 .  C02H,  is  obtained  when  trichlor- 
butyric  acid  (p.  276)  is  treated  with  zinc  and  hydrochloric  acid,  or  zinc  dust  an 
water.  Further,  by  the  action  of  alcoholic  potash  on  a/?-dichlorbutyric  ester  (B.  21, 
R.  243). 

(1$)  /3-  Chlorcrotonic  Acid,  CH?.  CCl:  CH  .  C02H,  is  obtained  in  small  quan¬ 
tities  (together  with  /3-chlorisocrotonic  acid)  from  aceto-acetic  ester,  and  by  the  ad  1- 
tion  of  HC1  to  tetrolic  acid.  With  boiling  alkalies  it  yields  tetrolic  acid  (p.  2°  )• 
Sodium  amalgam  converts  both  a-  and  /3-chlorcrotonic  acids  into  ordinary  crotonic 
acid. 

(ic)  a-Bromcrotonic  Acid,  from  the  ester  of  dibrombutyric  acid. 

(id)  /3-Bromcrotonic  Acid,  from  tetrolic  acid. 

Dichlor-  and  Dibrom crotonic  Acids.  See  tetrolic  acid,  p.  288. 

(2)  Isocrotonic  Acid,  Quartenylic  Acid ,  Cis-tr am- Crotonic  Acid ,  Allocrotoni 
Acid,  was  first  obtained  from  /?-chlorisocrotonic  acid  by  the  action  of  sodium  ama  gai 
and  similarly  from  the  a-chlor-acid.  When  heated  to  170-180°,  in  a  sealed  tube. 1 
changes  to  ordinary  crotonic  acid.  This  alteration  occurs  partially,  even  during  dis¬ 
tillation.  I  his  explains  why,  upon  fusing  isocrotonic  acid  with  KOH,  formic  an 
propionic  acids  (which  might  be  expected)  are  not  produced,  but  in  their  stead  aceti 
acid,  the  decomposition  product  of  crotonic  acid.  Sodium  amalgam  does  not  chang 
it.  It  combines  with  HI  to  yield  /3-iodo  butyric  acid  (B.  22,  R.  741)-  It.>r|eklSpc 
liquid  dichloride,  C4H6CI20.  (Iso  a/?-dichlorbutyric  acidl,  with  Cl2.  This  P'lS*. 
into  a-chlorcrotonic  acid.  Potassium  permang  mate  oxidizes  it  to  isodioxybutyr 
acid  (see  this)  (A.  268,  16). 

(2a)  a-Chlor-isocrotonic  Acid  is  obtained  by  the  action  of  sodium  hydro** 
on  free  ap- dichlorbutyric  acid.  It  is  the  most  soluble  of  the  four  chlorcrotom 
acids  (B.  22,  R.  52). 
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When  PC15  and  water  act  upon  aceto-acetic  ester,  CHS  .  CO  .  CH2 .  CO .  C2H5, 
3-chlorisocrotonic  acid  (with  /3-chlorcrotonic  acid)  is  produced.  It  is  very  probable 
that  /3-dichlorbutyric  acid  is  formed  at  first,  and  this  afterward  parts  with  HC1.  It 
is  also  formed  by  protracted  heating  of  ^3-chlorcrotonic  acid. 

Sodium  amalgam  converts  both  the  a-  and  /3-chlorisocrotonic  acid  into  liquid  iso- 

crotonic  acid  (B.  22,  R.  52).  #  ,  , 

a-Bromisocrotonic  Acid  is  produced  by  the  action  of  sodium  hydroxide  upon 
free  a/3-dibrombutyric  acid  (B.  21,  R.  242). 

(  H 

(3)  Methacrylic  Acid,  CH2:C<co3H  Its  ethyl  ester  was  first  obtained 

by  the  action  of  PC13  upon  oxy-isobutyric  ester,  (CH8)2.  C(OH)  .  C02 .  C2H5.  It 
is,  however,  best  prepared  by  boiling  citrabrom-pyrotartaric  acid  (from  citraconic 
acid  and  HBr)  with  water  or  a  sodium  carbonate  solution : 


C5H,Br04  =  C4H602  -f-  C02  -f  HBr. 

It  consists  of  prisms  that  are  readily  soluble  in  water,  fuse  at  -J-  l6°,  and  boil  at 
160.5°.  NaHg  converts  the  acid  into  isobutyric  acid.  It  combines  with  II  br  and 
HI  to  form  a-brom-  and  iodo-isobutyric  acid,  and  with  bromine  to  form  a/?-dibrom- 
isobutyric  acid,  which  confirms  the  assumed  constitution  (J.  pr.  Ch.,  [2]  25,  369)- 
When  fused  with  KOH,  it  breaks  up  into  propionic  and  acetic  acids. 


Pentenic  Acids,  C4H7 .  C02H.  .... 

Of  the  isomerides  of  this  formula,  angelic  or  a/3-dimethyl  acrylic  acid  is  the  most 
important.  It  bears  the  same  relation  to  tiglic  acid  that  was  observed  with  crotomc 
and  isocrotonic  acids  (p.  282). 


1.  Angelic  Acid,  C^>C  =  C<£°’H,  melting  at  45°  and  boilinS 
at  185°,  exists  free  along  with  valeric  and  acetic  acids  in  the  roots  of 
Angelica  archangelica,  and  as  butyl  and  amyl  esters,  together  wit 
tiglic  amyl  ester,  in  Roman  oil  of  cumin,  the  oil  of  Atithernis  nohuts. 

Angelic  acid  congeals,  when  well  cooled,  and  may  be  thus  separated  'lllnf 

valeric  acid.  We  can  separate  angelic  and  tiglic  acids  ™eans  °  'f  L  „  ioc\’ 
that  of  the  first  being  very  readily  soluble  in  cold  water  (  -  I7»  ’  j  so’ja  ,  Q 

When  10  grams  of  angelic  acid  are  boiled  for  twenty  ours  ,  •  .  tielic  acid, 
grams  NaOH  in  160  grams  of  water),  two  thirds  of  it  are  c°”v  2g  I0gt  When 
Heating  with  water  at  120°  will  change  half  of  it  to  tig  ^  a  .  l  to  tiglic  acid. 

P«e  angelic  acd  is  heated  to  boiling  for  hours  it  is  completely  without  diffi- 

,  same  occurs  by  the  action  of  sulphuric  acid  at  ,'tcr  boils  at  141°. 

culty  in  hot  water,  and  volatilizes  readily  in  steam.  Its  ethyl  ester  4 

___  ,r /CH,  presentin  Roman 

Tiglic  Acid,  «  M ethylcrotonic  Acid,  CH,.  CH '  <CO^H  ,  ^  a  misture  of 

®!‘  of  cum>n  (see  above),  and  in  Croton  oil  (from  ^  artificjally  by  acting 

«Wol  esters  of  .arhj'fatty  and  oleic  acd,  COjH  (its  ester). 

w>th  Pci3  upon  methyl-ethyl  oxy-acetic  acid.^pj^  CHa 

“  Bro- 


_  ”0rm.al  structure  are  also  knowM  * «t«Bj  cH  =  ^ 

*  h±f°,med  together  /<W 
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fH»  •  CH  =  CIV  C?W  b.  p.  1 940,  is  best  prepared  by 
the  distillation  of  methyl  paracomc  acid.  Its  dibromide  melts  at  65°. 

Allyl-acetic  Acid,  yd-Pentenic  Acid,  CH2 :  CH  .  CH, .  CH„ .  CO,H,  obtained 
on  heating  ally  1  malonic  acid,  boils  at  187°. 

Dimethyl  Acrylic  Acid,  (CH3)2C :  CIi  .  C02H,  is  obtained  (1)  from  /?-  oxy-isova- 
lenc  acid,  (CH3)2  .  C(OH)  .  C02H,  by  distillation  ;  (2)  from  acetone  and  malonic  acid 
by  means  of  acetic  anhydride  (B.  27,  1574)  ;  (3)  from  its  ester,  produced  when 
a-brom  isovaleric  acid  ester  is  heated  with  diethylaniline  (A.  280,  252).  See  B.  29, 
R.  956,  for  its  derivatives.  It  melts  at  70°. 

(4)  Hexenic  Acids,  C6H10O2. 

'1  he  normal  acids  belonging  in  this  class  are  Hydro-  and  Isohydrosorbic. 

Hydrosorbic  Acid,  Propylidene-propionic  Acid,  /fy-hexenic  acid,  CH3 .  CH, .  - 
CH  :  CH  .  CH2  .  C02H,  boiling  at  208°,  is  obtained  from  ethyl- paraconic  acid,  CHS .  * 

CH2 .  CH .  CH(C02H)CH2C0(I),  according  to  method  10  (p.  278);  hence  it  is 
probably  a  /fy-unsaturated  acid.  It  is  the  first  reduction  product  of  sorbic  and, 
CH3CH  :  CH  .  CH  :  CH  .  C02H.  During  the  reduction  a  shifting  of  the  double 
union  occurs.  On  boiling  hydrosorbic  acid  with  caustic  soda,  it  passes  into  the 
isomeride  whose  formation  one  might  expect  in  the  reduction  of  sorbic  acid  into 
isohydrosorbic  acid,  or  butylidene-acetic  acid ,  afi-hexenic  acid ,  CH3CH2CH2C1  ' 
CHC02H,  melting  at  330  and  boiling  at  216°  (B.  24,  83).  When  its  bromine  addi¬ 
tion  product  is  boiled  with  water,  oxycaprolactone  and  homolaevulinic  acid  resu^ 
(A.  268,  69).  yb-Hexetiic  acid ,  CH3  .  CH  :  CH  .  CH2 .  CH2 .  C02H,  melts  at  0  . 
Consult  method  of  formation  10,  page  278.  See  B.  29,  R.  667  for  ap-  an  / ) 
isohexenic  acids.  r  u 

Pyroterebic  Acid,  (CH3)2C  :  CH  .  CH2  .  C02H,  and  Teracrylic  Acid,  C3tV* 
CH  :  CH  .  CII2  .  C02I1,  b.  p.  218°  (A.  208,  37,  39),  belong  to  the  acids  C6H10^s 
and  C7H1202.  They  deserve  notice  because  of  their  genetic  connection  with  two  _  g 
dation  products  of  turpentine  oil — terebic  acid  and  terpenylic  acid ■ — which,  wi 
considered  later.  See  A.  283,  129  ;  288,  176,  for  /?y-  and  afi-isoheptenic  at '  • 
Pyroterebic  acid  is  changed  by  protracted  boiling  or  by  HBr  to  isomeric  isocaj 
lactone : 


(CH3)2 

d — 


C  .  CH, .  CH* 


-CO 


Teracrylic  Acid  is  converted  by  HBr  into  the  isomeric  lactone  of  y-ox)heptc 
acid,  C7H13(OH  )02 — heptolactone .  ,  1Pthod 

Nonylenic  Acid,  CH3(CII2)6CH  :  CH  .  COaH,  from  oenanthol  by  general  me 

of  formation  7,  page  277.  aronic 

Decylenic  Acid,  C6II13  .  CH  =  CH.  CH2  .  C02H,  formed  from  hexylparacu 
acid  according  to  general  method  of  formation  10,  page  278.  0il 

Undecylenic  Acid,  CH2  =  CH(CH2)8COaH,  is  produced  by  distilling  easier  _ 
under  reduced  pressure.  It  yields  sebacic  acid ,  (CH2)8(C02H h2  (see  this;  t  ■ ^  v 
R.  338  ;  19,  2224),  upon  oxidation.  It  melts  at  24. 50,  and  boils  at  165  0tasb, 
When  its  dibromide,  melting  at  38°,  is  incompletely  decomposed  by  alcoholic  P  ‘ 
Dehydroundecylenic  Acid ,  CH  5=  C[CH2]QCOaH,  melting  at  430,  is  obtained,  wn 
fused  at  1 8o°  with  caustic  potash,  changes  to  Unde  colic  Acid,  Cl I5 .  C  •  C[CH2j7^  'l  1 
melting  at  590  (B.  29,  2232). 


Higher  Olefine  Monocarboxylic  Acids.  .  iefine 

To  ascertain  the  point  of  the  doubly  linked  carbon  atoms  in  the  higher  o  ^ 
monocarboxylic  acids,  the  latter  are  converted  into  their  corresponding  ace  >  ^ 

monocarbonic  acids  (p.  287),  which,  in  turn,  are  oxidized  and  split  open  at  t  e  P  ^ 
of  triple  carbon  union,  or  they  are  changed  to  ketone  carboxylic  acids,  and  tnes  *  q 
then  broken  down.  Thus,  oleic  acid  yields  stearolic  acid,  which  may  be  oxl(  17t<  n 
azelaic  acid,  C7II13(C02H)2,  and  pelargonic  acid ,  C8H17C02H.  I  his  wou  <  ”  ^ 
that  in  stearolic  acid  the  carbon  atoms  9  and  10  are  united  by  three  bonds,  ant 


Cl2  :  AaI>5.  OLEJTSE  MOXOCARBOXYUC  ACIDS. 


2S5 


-  ^  ^  ia  aide  add  are  in  docbie  crioo.  This  cpocIcsKE  is  ccn- 

;L.-  cccttsoc  of  aeircoc  add.  by  meins  ce  concentred  salphcnc  add, 

f  -.-  -wbse  cEsae  adergces  tie  Beckmann  rearrangement  a:  400  ,  as 
™*  g^.  a'  mgksa  of  coocesaraiei  snipfcnric  add.  Two  add  amides  resmt. 
Tee  5=xEtcsed  by  mming  hydrochloric  add.  die  ooe  into  octylamiue  and 
--«» ',-v  iacn  peLcpok  add  and  9-  ~.mTrtonor.anic  add  (B.  27,  172) : 


QHcCH:CH[CH1)TC01H - >  C5HECHBr.CHBr[CKJ.C01H 


jarirc 


i=£ 


:  Azc 


QE^C^qCHJTCOtH - ^  CjH^CO .  CH5[CHJ.CO^ 

Krti^eux  Acid 


c^^:ow}[(^coja 

S\ 

CjH-XHCO^CHjJjCOjH  CjHnCO.NHfCHJsCOjH 

QH^xS.  [CHJJ COjlTj,  C5HnC01H  XH^fCHJ.COjH 

OcTiZLid  Sebscsc  Acid  Pdar^ofiic  Acid 


Acid. 

^  coasdr^tioii  of  hvpogaeic  and  erocic  acids  has  been  determined 
^  tie  same  manner. 

Hrwgax  Acid.  CHJ'CH.'LCH :  CH[CH,'LCOIH,  foend  as  glycerol  ester  in 
3  :S_  the  rat  of  Armckis  tjptgxm  .  crystallizes  in  needles,  and  meltsM 
ST  cc  sens  e  236=  (15  mmX  It  resits  when  stearolic  add  is  fused  with  KOH 

W***7.3»7)- 

°^ic  Acid,  OUin  Acid,  C*^J>C : ^[CHJXXV*  =  C»H*°»  melt- 
^  T*.  I4"  and  boiling  at  223°  (10  mm.),  occurs  as  glycerol  ester 
ry*“*)  »  nearly  all  fats,  especially  in  the  oils,  as  olive  oil,  almond 
^^-lirer  o*IT  etc.  It  is  obtained  in  large  quantities  as  a  by- 
r  in  the  manufacture  of  stearin  candles  (p.  253)- 

°*ek  ~id-  olire  or  mandel  oil  is  saponined  with  )P°^5h_Pf 
*  '  ^Jtcico  of  tbe  potassium  precipitated  with  sugar  of  lead. 

are  dSTand  extracSTrith  eiher.  when  lead  oleare  drives, 
-scM*,  ^  ^  ^  o{  aI,  faitv  adds.  Mix  roe  eroe«at  so.at>oo 

.^y^loric  add,  filter  off  tbe  lead  chloride,  and  concen-^iethehqa^T 
*^^>ddobt»iaedmthiswaT,fracdooate  it  under  strongly  dinun-aed  pre^nre. 

,/,*ec  ^cid  in  a  pure  condition  is  odorless,  and  does  not  reuden 
J!!*5>  On  exposure  to  the  air  it  oxidizes,  becomes  >'e°  » 
ST*  a  rancid  odor.  Nitric  acid  oxidizes  it  with  fonuanonofaU 
£*£"5  **  ««*  from  .apric  to  <,c"U.  aod 

s  it  to  p^ue's 

^ystearic  acid  (see  this). 

(J '  **r#l  with  bromine  to  form  C*JH_BroL  and  then  into 

by  alcoholic  KOH  into  mtm+rvmiUu  a,W,  C„H»^r 

add  fp.  2S8,. 

Citrous  acid  changes  oleic  into  the  isomeric  crystalline 
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Elaidic  Acid  [CHj]jCO,H  .  . 

iMaiaic  Acia,  h>g.c<h  .  melting  at  5 1° and  boil- 

nguatr>  2A5°  l10,  With  bromine  ^  yields  the  dibromide, 

^18H34Br2<J2,  which  melts  at  270,  and  when  acted  upon  with  sodium 
amalgam,  passes  back  into  ela’idic  acid. 

Iso-oleic  acid,  C18H3402,  melting  at  44-45°,  is  obtained  from  the  Hl-addition  pro¬ 
duct  of  oleic  acid— iodostearic  acid— when  it  is  treated  with  alcoholic  potash,  or  from 
oxystearic  acid,  formed  from  oleic  acid  by  the  action  of  cone,  sulphuric  acid,  when  it 
is  distilled  under  reduced  pressure  (B.  21,  R.  398;  21,  1878;  27,  R.  576). 

Hydriodic  acid  reduces  oleic  and  elaidic  acids  to  stearic  acid.  Oleic,  elaldic,  and 
iso-oleic  acids,  when  fused  with  caustic  potash,  break  down  into  palmitic  acid  and 
acetic  acid.  This  is,  however,  a  reaction  that  can  not  be  accepted  as  proving  that  the 
double  union  in  the  three  acids  holds  the  same  position.  The  common  view  is  that 
oleic  and  elaidic  acids  are  stereo-isomerides,  and  that  iso-oleic  is  a  structural  isomer- 
ide  of  the  other  two  acids. 

Bromine  converts  the  three  acids  into  three  different  dibrom- stearic  acids .  Care¬ 
fully  oxidized  with  potassium  permanganate,  they  yield  three  different  dioxysteanc 
acids . 

ErucicAcid,  C8H^>C:  C<cnH|lC0#H’  Brassidic  Acid,  CgHlJ>C:C<C11' 

Hj,C02H,  is  present  as  glyceride  in  rape-seed  oil  (from  Brassica  cavipestris ),  in  the 
fatty  oil  of  mustard,  and  in  the  oil  of  grape  seeds.  It  melts  at  33°"34°- 

Nitrous  acid  (B  19,  3320)  converts  erucic  acid  into  isomeric  brassidic  acid,  melting 
at  66°  and  boiling  at  256°  (10  mm.).  It  sustains  the  same  relation  to  erucic  acid 
that  elaidic  does  to  oleic  (p.  285).  By  oxidation,  erucic  acid  yields  nonylic  and  bras 
sylic  acids  (B  24,4120;  25,961,2667;  26,  639,  838,  1867,  R.  795»  8n)-  Js0' 
erucic  Acid,  see  B.  27,  R  166,  577. 

Linoleic  and  ricinoleic  acids,  although  not  belonging  to  the  same 
series,  yet  closely  resemble  oleic  acid.  The  first  is  a  simple,  unsatu¬ 
rated  acid,  the  second  an  unsaturated  oxy-acid.  , 

Linoleic  Acid,  C18H3202,  occurs  as  glyceride  in  drying  oils, 
quickly  oxidize  in  the  air,  become  covered  with  a  scum,  and  then 
solidify — e.  g.,  linseed  oil,  hemp  oil,  poppy  oil,  and  nut  oil.  In  *  e 
non  drying  oils — olive  oil,  rape -seed  oil  from  Brassica  campestris,  t  e 
oil  from  Brassica  rapa ,  mandel  oil,  fish  oil,  etc. — we  have  the  oleic 
glycerol  ester. 

Various  oxy-fatty  acids  are  produced  when  linoleic  acid  is  oxidized  with  Potaf' 
permanganate.  From  the  fact  that  they  can  be  formed,  it  has  been  concluded  tnai 
certain  other  acids  exist  in  the  crude  linoleic  acid  (B.  21,  R.  436  and  659). 

Ricinoleic  Acid,  CH3[CH2]5 »  CHOH  .  CH2 .  CH  :  CH(CH,V 
C0.2H[a]D  =  — j-6. 67°  (B.  27,  3471),  is  present  in  castor  oil  in  the  forn1 
of  a  glyceride.  The  lead  salt  is  soluble  in  ether.  Subjected  to  dry 
distillation,  ricinoleic  acid  splits  into  cenanihol,  C-H..O,  and  undecy 
lenic  acid,  C„H20O2. 

Fused  with  caustic  potash.it  changes  to  sebadc  acid,  C8H16(C02II)2,  and  secondary 

octyl  alcohol,  ^pj;|>CH .  OH.  It  combines  with  bromine  to  a  solid  dibromide. 

When  heated  with  HI  (iodine  and  phosphorus),  it  is  transformed  into  iodoleic  acid. 

which  yields  stearic  acid  when  treated  with  zinc  and  hydrochloric  acid 
(B.  29,  806). 


acetylene  carboxylic  acids. 
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The  point  of  double  union  between  the  carbon  atoms  in  ncinoleic  acid  is  ascertained 

ritinstearolic  acid,  melting  at  53°!  lh.is  int? 

Al”  Smelting  a,  84”  1  (3)  finally,  the  breaking  do»n  of  the  oxtme  of 

the  laUer  acid  (B.  27,  3121).  .......  .,  moitc 

Nitrous  acid  converts  ricinoleic  acid  into  isomeric  rtanelaUtc  actd.  1  nis  mens  ai 

S3°C.(seeB.  21,2735;  27,  R.  629).  . 

Rapinic  Acid,  C^H^O,,  occurs  as  glycerol  ester  in  rape  oil  (B.  29,  K.  073;. 


Unsaturated  Acids,  CnH^.jCOiH. 

The  acids  of  this  series  contain  either  a  trebly  linked  pair  of  carbon 
atoms,  e.g.,  like  acetylene  (p.  95),  or  two  doubly  linked  pairs  of 
carbon  atoms,  as  in  the  diolefines.  They  are,  therefore,  distinguished 
as  acetylene  monocarboxylic  acids :  propiolic  acid  series  and  diolefine 
nonocarboxylic  acids. 


C.  ACETYLENE  CARBOXYLIC  ACIDS. 

UDon^t formation. — 1.  (a)  By  the  action  of  alcoholic  potash 
haWne  .rom'a<?dition  products  of  the  oleic  acids,  and  ( b )  the  mono- 
the  fom/t' ltut’on  Pr°ducts  of  the  oleic  acids.  This  is  similar  to 
and  lb*  *  10n,° ‘  the  acetylenes  from  the  dihalogen  addition  products 
"«  the  monohalogen  substitution  products. 

the  a^m  the  sodium  derivatives  of  the  mono-alkyl  acetylenes  by 
Like  1  CO, :  CH, .  C  =  CNa  +  CO,  =  C H,C  =  C  .  CO,Na. 

atoms.  >ienes,  they  are  capable  of  saturating  2  and  4  univalent 


Acetic  j 


^  6°  and  boT*  ’  Propargylic  Acid  [Propin- Acid],  melting 

alcobol.  The  ^ecomPos*tion  at  1440  (p.  132),  corresponds  to  propargyl 

Potassi^  salt  of  aSSlltm  sa{*>  CjHKOj  +  H20,  is  produced  from  the  primary 
acetylene  dicarboxylic  acid,  when  its  aqueous  solution  is  heated: 

C.CO,H  CH 

^  ac.  i  -  co2K  “ $ .  cOjK  +  COj' 

The  aqueoSU^tS/n manner  fr°m  malonic  acid  (p.  244). 
chloride  sqW^  50  ut!on  of  the  salt  is  precipitated  by  ammoniacal  silver  and  cuprous 
k°’jing  with  u°auS i  ?uth  formation  of  explosive  metallic  derivatives.  By  prolonged 
^cbonate  ^ater  potassium  salt  is  decomposed  into  acetylene  and  potassium 

re^mblin!j°!}i0^C  ^berated  from  the  potassium  salt,  is  a  liquid  with  an  odor 

*nd  ether^  1*  ^ac*al  acehc  acid.  The  acid  dissolves  readily  in  water,  alcohol, 
air  contart  reduces  silver  and  platinum  salts.  Exposed  to  sunlight  (away  from 
amalgam  U  to  trimesic  acid,  3C2H  .  C02H  =  C6H3(C02H)3.  Sodium 

the  hair  Convef*s  **  into  propionic  acid.  It  forms  /3-halogen  acrylic  acids  with 
acryhc*a^j^  ac>ds  (p.  281)  (B.  19,  543),  and  with  the  halogens  yields  "a. 5-dihalogen - 

boils  at  II9°.  With  ammoniacal  cuprous  chloride  it  unites  to  a 
*e  ow' colored  compound.  Zinc  and  sulphuric  acid  reduce  it  to  ethyl  propar- 
Chl5ter  (V-}3&)  (B.  18,  2271). 

hav  orPropiolic  Acid,  CC1  =  C .  C02H,  and  Brompropiolic  Acid,  C^BrHO,, 
t^n  obtained  as  barium  salts  from  dichloracrylic  and  mucobromic  acids, 


288 


ORGANIC  CHEMISTRY. 


CsH2C1j02  and  C4H.,Br2Os.  Iodopropiolic  Acid  is  obtained  by  saponifying  its  ethyl 
ester,  melting  at  68°.  It  melts  at  140°.  The  ethyl  ester  may  be  prepared  from  the 
Cu  derivative  of  propiolic  ester  (see  above)  by  the  action  of  iodine. 


The  three  acids  decompose  readily  into  carbon  dioxide  and  spon¬ 
taneously  inflammable  chloracetylene,  CC1  =  CH,  bromacetylene  and 
iodoacetylene.  The  addition  of  haloid  acids  leads  to  /S’/J-dihalogen- 
acrylic  acids,  while  the  halogens  form  trihalogen-acrylic  acids. 

Carbon  dioxide  converts  the  sodium  compounds  of  the  correspond¬ 
ing  alkyl  acetylenes  into  the  following  homologues  of  propiolic  acid 
(B.  12,  853;  j.  pr.  Ch.  [2]  37,  417)  : 


Tetrolic  Acid,  Alethy  l- acetylene 
Carboxylic  Acid . 

Ethyl  -  acetylene  Carboxylic 

Acid  . 

n-Propyl  -acetylene  Carbox¬ 
ylic  Acid . 

Isopropyl-acetylene  Carbox¬ 
ylic  Acid . 

n  -  Butyl  -  acetylene  Carbox¬ 
ylic  Acid . 


M.  P. 

. CH3C  =  C.C02H  76° 

.  .  .  CH3.CH2.C  =  C.C02H  8o° 
CH3.CH2.CH2.C  =  C.C02H  270 
•  .  .  (CH3)2CH.C  =  C.C02H  38° 

.  .  CH3.  [CH2]3C  =  C.C02H  liquid 


B.  P. 
203° 


125° 

(20  mm.) 
107° 

(20  mm.) 
136° 

(20  mm.) 


these,  Tetrolic  Acid  has  been  the  most  thoroughly  investigated,  and  is 
?  -f1  •  [rom  P  chlorcrotonic  acid  and  /?-chlorisocrotonic  acid  when  these  are 

boiled  with  potash.  At  2io°  the  acid  decomposes  into  C02  and  allylene,  C3H4  (B. 

75*)*  I  otassium  permanganate  oxidizes  it  to  acetic  and  oxalic  acids.  It 
com  ines  with  1IC1  and  HBr,  forming  ^-chlorcrotonic  acid  and  /?-bromcrotonic  acid 
•  •  51 «  21,  R.  243).  With  bromine,  in  sunlight,  it  yields  dibromcrotonic  acid , 

aQ  I2o  9  ^ereas  .tbe  dark  h^ogen  produces  a  dibrom-acid,  melting  at 
;4  t  *  2  >  1  77)*  a/?p-Trichlorbutyric  acid  (p.  276)  upon  the  loss  of  HC1  yields 
^ ^chlorcrotonlc  adds,  out  melting  at  750  and  the  other  at  920  (B.  28,  26*5). 

o  are,  Ny°  aci  s  which  are  produced  when  chlorine  acts  upon  tetrolic  acid 
_i_  i  \.ra  |er  uomologues  of  propiolic  acid  have  been  prepared  by  the  action  of 
adds' (p ^8)Sh  UP°n  thC  brom'addition  Products  of  the  higher  olefine  monocarboxylic 

So  obtained  from  undecylenic  acid  (p.  284),  fuses  at 

and  elaidic  arirl  ^  iP  ’  ^8^32^2  (constitution,  see  p.  285),  is  obtained  from  oleic 
P  286^  fromTi  K  lt  T  tSrat  48°*  Behe"°^  Acid,  C22H40O,  (constitution,  see 

kIS  ts*s*  br.“si.dk  -a*  .<?»  z:::- 


melting  at  96°  (B  28, 276) ™V/’  CHs[CH2],CO  .  CO  .  [Cl  I2]„C02 1  b 

ketobrassidic  acid  “"^‘^ea^nc  acid  into ketostearic  acid,  and  behenolic  acid  into 
acid  into  C  H  CO  Nlirrm  r^r°Se  oximes  are  then  transposed  by  the  sulphuric 
b52sid“^S’“-8M  1  HJ,C0'H  (P-  2S5)-  (Oxidation f  compare  cmcic  and 


D‘  DIOLEFINE  carboxylic  acids. 

±43 :  ?H  •  CH  :  CHC02H,  melting  at  102°,  is  formed, 
carboxylic  acid,  CC12 :  CCl  CC1  -CCl  mH3^’  b?  the  reduction  of 

2  •  .  CCl.  COaH,  melting  at  970,  and  perchlorbutmt 
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'"^Sorbic  Add.4CH3CH  :  CH  .  CH  :  CH  .  C02H,  is  obtained  from  sobinol,  a  lactone 
of  parasorbic  acid  (see  this),  occurring,  together  with  malic  acid,  in  the  juice  of  unripe 
mountain-ash  berries  (from  Sorbus  aucuparia)  (A.  no,  129),  on  boiling  with  caustic 
soda,  or  with  hydrochloric  acid  (B.  27,  351).  Potassium  permanganate  oxidizes  it 
to  aldehyde  and  racemic  acid  (see  this),  which  establishes  the  constitution  of  the  acid 
(B.  23, 2377 ;  24,  85) : 


CH3.CH:CH.CH:CH.C02H  +  H20  -f  40  =  CH3.CH0  +  C02H.(CH.OH)2.C02H. 

Sorbic  Acid  Racemic  Acid. 

The  ethyl  ester  boils  at  1950.  Nascent  hydrogen  converts  the  acid  into  hydro- 
sorbic  acid . 

Diallylacetic  Acid,  (CH2 :  CH  .  CH2)2CH  .  C02H,  is  obtained  from  ethyl  diallyl- 
aceto-acetate  and  diallyl  malonic  acid.  It  boils  at  227 °.  Nitric  acid  oxidizes  it  to 
tricarballylic  acid,  (C02H  .  CH2)2CHC02H ). 

Geranu  Acid  belongs  to  the  class  of  olefine  dicarboxylic  acids.  It  will  be  de¬ 
scribed  together  with  the  olefine  terpene  bodies. 


IV*  DIHYDRIC  ALCOHOLS  OR  GLYCOLS,  AND 
THEIR  OXIDATION  PRODUCTS. 

The  monohydric  alcohols,  with  their  oxidation  products, — -the  alde- 
ydes,  the  ketones,  and  the  monocarboxylic  acids,  with  their  deriva- 
'were  discussed  in  the  preceding  section, 
losely  allied  to  these  are  the  dihydric  alcohols  or  glycols ,  and  such 
C°'ru°Un^s  35  may  be  considered  oxidation  products  of  the  glycols. 

ihe  glycols  g.re  derived  from  the  hydrocarbons  by  the  replacement 
?  hydrogen  atoms  attached  to  two  different  carbon  atoms  by  two 
hydroxyls.  In  the  case  of  the  monohydric  alcohols  we  distinguished 
ree  classes — primary,  secondary,  and  tertiary  alcohols.  With  t  le 
K ycols  the  classes  are  twice  as  numerous.  The  compounds,  which  may 
b?  considered  as  oxidation  products  of  the  glycols,  contain  either  two 
similar,  reactive,  atomic  groups — e.  g.  : 
die  dialdehydes  ( glyoxal ,  CHO.(.HO), 
the  dikeiones  ( diacetyl ,  CH3 .  CO  .  CO  .  CH3), 
the  dicarboxylic  acids  ( oxalic  acid ,  C(  )OII .  COOH), 
and  therefore  manifest  double  the  typical  properties  of  the  oxidation 
Products  of  the  monohydric  alcohols— compounds  of  double  function  ; 
0r  they  contain  two  different  reactive  atomic  groups  in  the  same 
molecule,  and  have,  therefore,  the  typical  properties  of  different 

25 
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families  of  compounds.  The  following  bodies  have  soch  a  mixed 
function  : 

Aldehyde  Alcohols  (  Glycolylaldehydc ,  CHfJH .  CHO] 

Ketone  Alcohols  {A cetylcarbinol,  CHjOH  .  CO  .  CH.y 
Aldehyde  Ketones  ( Pyroracemic  Aldehyde.  CH, .  CO .  CHO 
Alcohol  Acids  or  Oxyacids  Glycollic  Acid.  CH, .  OH  .  COOH 
Aldehydic  Acids  ( Glyoxytic  Acid.  CHO .  CO.H 
Ketonic  Acids  ( Pyroracemic  Acid.  CH,CO .  COOH}. 

Fomr  families — alcohol,  aldehydes,  ketooes,  2 ad  Bxxxxsrxij'Sz  adds — oocm 
with  the  oooohydric  alcohols  aad  their  oxidaxkn  products.  while  hi  the  ct  -he 
dhydric  alcohols  znd  their  oxidatioo  prod  Eds  tm  classes  «'  derixar'es  zrt 
The  scccesaTe  series  ia  which  these  tec  classes  will  be  discussed  readily  s':  :  -sr  if 
thetr  systetcahc  icterdepeodence  be  developed  hzuLstIt  to  *  -  a-  of  the  r-  --  - 

alcohols  aad.  their  oxidahoo  j»nd  octs 

Mosobtduc  Alcohols  and  thetz  Oubattox  P2:cccts. 

La.  Prhzary  Alcohols,  2.  Aldehydes,  jp  MoQOQh*:r*  .2  A ah. 

If.  Secoodary  “  3.  Ketoces. 

i_".  Teraaty  “ 


Dihtmic  Alcohols  and  the:z  Oxtdat:  ns  Pi  atcis 


l«-  En  primary  Glycols. 


CHj.OH 

CH..OH 

Glycol 


If.  Pia.  sec.  Glycols, 


Er-  Pr=.  test.  Glycols, 

Dssecocid.  Gljcols, 

i*c.  test.  G-Tcds, 
if.  Dstert.  Glyccfe. 


2s.  pris.  Oiyaldthydes. 

4-  Dialdehydes. 

CHO 

CRjOH 

GSycoiyiajdefetrSe 

CHO 

CHO 

Giyaxxl 

2A  sec.  Oxyal  dehydes. 
3*-  F~  —  Oxyket  trues. 

5-  Aldeiydketoses. 

xc.  ten.  OxTildesrdes, 
sec.  Oxykescojs, 
t  Diftoaes. 

3f-  tat.  Oxyketaces. 


~z.  pri— .  Oxycarbcxyhc 
Acids 

8.  Aldehydocarbcxybc 

Acids. 

IOl  Dkarbcrrb:  A  cids. 

COOH 

CH,  OH 
G>  cc  :  .Vraf 
CO,H  COOH 

CHO  COOH 

©rarjc  JLrod  Oxi-^  Kzdil 

ji.  sec.  (hyarxiyi 
Aak 

9.  Ke::ct  Carre  xj-^- 

Adis, 

jr.  t en.  OiK»kay^ 
Acfe. 


praj-jcts 

I-  Glycols,  Diacid  alcohols 

hols.  ^9U^lT<^s»  Aldekyde  alcohols.  3.  Oxyketoues-  Ketone 


7  ^ . *-  DAewoeu 


d,hydric  alcohols  or  glycols. 
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c  ti1P  conditions  there  are  no  compounds  in 

Sl'be^nlroduced  before" the  dicarboxylic  acids-the  carbonu  acnl 

group.  . 

Carbonic  acid  is  .he  simpies.dUrasic  «  similar;  an 

dicarboxylic  acids  and  a  specia  J[p.  .  t  ac,(j  showing,  at  one  and  the  same  time, 
anhydride  form,  tormic  acid,  the  simplest  acid,  sno  ^  g,  for  the  very  same 

reason”haver  been”  placed  ^before  glyoxylic  ^  t^e^fetty^ac^ls^  because 


I.  DIHYDRIC  ALCOHOLS  OR  GLYCOLS. 

A.  PARAFFIN  GLYCOLS. 

Wiirtz  (1856)  discovered  glycol,  and  thus  succeeded  in  filling  out 
the  gap  between  the  monohydric  alcohols  and  the  triacid  alcono  , 
glycerol.  Wiirtz  chose  the  name  glycol  to  indicate  the  relation  o  lie 
new  body  to  alcohol  on  the  one  hand  and  glycerol  on  the  otier. 
Glycols  are  distinguished  as  a-,  /3-,  y-,  d-,  etc.,  according  as  the  y- 
droxyls  are  attached  to  adjacent  carbon  atoms,  or  in  i*3>  l’4~>  an 
i-5*  positions  respectively.  There  are  also  diprimary,  primary¬ 
secondary,  etc.,  glycols  (consult  p.  290).  The  Geneva  names  are  ob¬ 
tained  for  the  glycols  by  attaching  the  final  syllable  ‘  dio  to  le 
name  of  the  parent  hydrocarbon.  , 

Glycols  differ  from  the  monohydric  alcohols  just  as  the  oxvhy  ra  es 
of  bivalent  metals  differ  from  those  of  univalent  metals,  or  as  a  1  )a/jic 
acid  from  a  monobasic  acid.  As  a  rule,  the  reactions  leading  \°m  ie 
monohydric  alcohols  and  glycols  to  their  corresponding  derivatives 
are  very  similar.  It  is  only  in  the  case  of  the  two  hydroxyl  groups 
of  the  glycols  that  they  are  able  to  successively  pass  to  completion, 
aod  in  so  doing  they  give  rise  first  to  substances  which  sti  s  io\\ 
c  aracter  of  a  monohydric  alcohol.  Take  ethylene  g  yco  J  or 
ainple:  it  is  capable  of  forming  a  mono- and  dialkali  g  yco  a  e , 
^Ponding  to  the  alcoholates  of  the  monohydric  alcohols,  mono- 
dlalkyl  ethers,  mono-  and  dihalogen  esters,  nitric  acid  esters  ai 

estersof  organic  acids,  e.  g. : 

CHa .  O .  C2H5 
£h,  .  O  .  C.H, 


^•OH 

ch,.oh 

Glycol 


CH 

bn 

CU&11 


,.CI 
? .  OH 

hydrin 


CH2  ,'ONa 
bH2.OH 

Monosodium 

Glycollate 

CH2C1 

CH2C1 

Ethylene 

Chloride 


CHa.ONa 

fcHs.ONa 

Disodium 

Glycollate 

CH,  .  O 


CHa  .  O  .  C2H5 
bH2 .  OH 

Glycol  Mono-ethyl 
Ether 


COCHj 


bn2.on 

Glycol-monacetate 


.  v/  .  —  2ll5 

Glycol  Diethyl 
Ether 

CH2 .  O  .  COCH, 

£h2  .  o .  COCHs 

Glycol-diacetate. 
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All  the  mono- compounds  also  manifest  the  character  of  monohydric 
alcohols;  they  and  the  di- compounds,  which  have  been  mentioned 
can  be  obtained  from  the  glycols  by  the  same  methods  as  the  corre¬ 
sponding  transposition  products  of  the  monohydric  alcohols. 

The  sulphur-  and  nitrogen-containing  derivatives  of  the  glycols 
correspond  to  like  derivatives  of  the  monacid  alcohols: 

CH2.SH  ch2.sh  ch2.nh2  ch2.nh2 

CH2.OH  CH2 .  SH  CH2  .  OH  &H2 .  NH2 

Monothio-glycol  Dithio-glycol  Oxyethylamine  Ethylene  Diamine. 

The  aldehydes  have  been  repeatedly  spoken  of  as  the  anhydrides  of 
diacid  alcohols,  in  which  the  two  hydroxyl  groups  are  joined  to  the 
same  carbon  atom ,  and  which  can  only  exist  under  special  conditions. 
Yet,  the  ethers  or  acetals,  esters  and  other  derivatives  of  these  hypo¬ 
thetical  compounds  are  stable.  These  bodies  are  naturally  isomeric 
with  the  corresponding  derivatives  of  the  diacid  alcohols,  in  which 
the  hydroxyls  are  attached  to  different  carbon  atoms.  The  following, 
for  example,  are  isomeric : 

CH3 .  CH<9  '  p2}j5  Acetal  and  ®  *  9jH5  Glycoldietbyl  Ether 

UC2H5  CH2.O.C2H5  3 

CH3 .  CH<9 ' 99993  Ethidene  Diacetate  and  91*2  '  ®  *  COCHs  Glycol  Diacetate 
U.GOLH3  CH2.O.COCH3  ' 

CH3.CH<^^  Aldehyde  Ammonia  and  CH2OH  Oxyethylamine. 

2  CH2NH2 

1  he  cyclic  derivatives  of  the  glycols  are  extremely  characteristic. 
Thus,  glycol  yields  two  cyclic  ethers : 


CH,  CH  O  CH 

1  >0  Ethylene  Oxide  1  2  ‘  1  2  Diethylene  Oxide, 

CH2  CH2 .  O .  CH, 

and  also  sulphur-  and  nitrogen-compounds  corresponding  to  diethylene 
oxide : 


CH2 .  S .  CH2  CH2 .  NH  .  CH2  CH2 .  NH  .  CH, 

ch2.s.ch2  CH2 .  O .  (^H2  ch2.nh.ch2 

Diethylene  Disulphide  Diethyleneimide  Oxide  Dietbyleneimide. 


Methods  of  Formation. — The  first  three  methods  proceed  trom  th 
olefines,  and  lead,  according  to  the  constitution  of  the  latter,  to  gb'c0  3 
of  every  description.  . , 

The  halogen  addition  products  of  the  olefines— the  alkylen  haloi 
—may  be  regarded  as  the  haloid  acid  esters  of  the  glycols.  ” 
these  are  acted  upon  by  alkalies,  with  the  purpose  of  exchang  e 
hydroxyl  for  their  halogen,  they  split  off  a  halogen  hydride  and 
first  into  monohalogen  olefines  and  then  into  acetylenes.  jen 
Wiirtzwho  observed  that  it  was  only  necessary  to  treat  tin  a,  QjS; 
haloids  with  acetates  in  order  to  reach  the  acetic  esters  of  the  g  J 
and  then,  by  saponification  with  alkalies,  to  obtain  the  gl}c0 
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(,)  By  heating  the  alkylen  haloids  (p.  102)  with  silver  acetate  (and 
glacial  acetic  acid),  or  with  potassium  acetate  in  alcoholic  solution  . 

W,  +  *C,H,0, .  Ag  =  C,H4<° '  +  2Agl. 

Ethylene  Diacetate. 

Inasmuch  as  the  alkylens  are  made  from  monohydric  alcohols  by 
the  withdrawal  of  water,  and  are  transformed  by  the  addition  of 
halogens  into  alkylen  haloids,  the  preceding  reaction  may  be  regarded 
as  a  method  of  converting  monohydric  alcohols  into  dihydric  alcohols 
or  glycols.  The  resulting  acetic  esters  are  purified  by  distillation,  and 
then  saponified  by  KOH  or  baryta  water : 


C*H<<o'.  c’h’,0  +  2K0H  =  C»H.<OH  +  2CjHjOjK. 

them  convers*on  °f  alkylen  haloids  into  glycols  maybe  attained  by  heating 
carbonate  "ater  293)>  with  water  and  lead  oxide,  or  sodium  and  potassium 

hypochkir°tller  Trocedure  consists  in  shaking  the  alkylens,  CnH2n,  with  aqueous 
silver oxideU-S  aC1°’ an^  a^erward  decomposing  the  chlorhydrins  formed  with  moist 


C,H,  +  ClOH  =  C3H4<gH  and 


C,H‘<OH  +  Ae°H  =  C!H.<OH  +  A8cl 

2L  1230)  ^e,  oxidation  of  the  olefines  («)  in  alkaline  solution  (p.  93,  Wagner,  B. 
«ne yields r/A  / Potass*um  permanganate;  (b)  with  hydrogen  peroxide.  Thus,  ethyl- 
y  ene glycol ;  isobutylene,  isobutylene  glycol.,  (CH3)2  .  C(OH)  .  CH2  .  OH  : 


ch2 
Ha 


+  O  +  HaO  = 


CH„ .  OH 


CH2 .  OH 


dianfin  ^  act*on  °f  nitrous  acid  on  diamines  (p.  166).  As  these 
acids  es  ,can  be  obtained  from  the  corresponding  nitriles  of  dibasic 
reacti  an<^  nbriles  themselves  from  alkylen  haloids,  therefore  these 
afford°nS  no*  °nly  ally  the  classes  of  derivatives  mentioned,  but  they 
a  means  of  building  up  the  glycols : 


CH2Br 

- 

_  pH2Br 

rr'methyiene 

Br°mide 


ch2cn 


->■  CH„ 


ch2cn 

Trimethylene 

Cyanide 


CH2.  CH2.  NIIS 

>  ch2 

qi2.  ch2.nh2 

Pentamethylene 

Diamine 


CII2 .  ch2oh 
>0h2 

ch2ch2  .  OH 

Pentamethylene 

Glycol. 


(5)  Some  glycols  have  been  prepared  by  the  reduction  of  the  cor¬ 
responding  aldehydes  or  ketones  ;  thus,  ay-butylene  glycol  by  the  reduc¬ 
tion  of  aldol ;  ad-hexylene  glycol  from  y-acetobutyl-a/cohol'),  etc. 

Nucleus-synthetic  Methods. — (6)  Disecondary  glycols  are  produced 
°n  treating  certain  aldehydes  with  alcoholic  potash,  when  two 
aldehyde  molecules  are  reduced  to  a  disecondary  glycol,  and  one  is 
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oxidized  to  the  corresponding  carboxylic  acid  (B.  29,  R.  350).  fso- 
butyraldehyde  yielded  symmetrical  di-isopropyl  ethylene  glycol : 


3(CH.),CH .  CHO  +  KOII  =  (CII,), .  CIICOOK  +  j)  J 

(7)  Ditertiary  glycols  result,  together  with  secondary  alcohols,  in 
the  reduction  of  ketones  (p.  212).  In  this  manner pinacone  or  tetra- 
methyl-ethyl  glycol  (p.  296)  was  made  from  acetone  (Friedel)  : 


2(CII,)aCO  +  2H  = 


(CII8)2.COII 
(CII8)2.  COH* 


Properties. — The  glycols  are  neutral,  thick  liquids,  holding,  as  far 
as  their  properties  are  concerned,  a  place  intermediate  between  the 
monohydric  alcohols  and  trihydric  glycerol.  The  solubility  of  a 
compound  in  water  increases  according  to  the  accumulation  of  OH 
groups  in  it,  and  it  will  be  correspondingly  less  soluble  in  alcohol, 
and  especially  in  ether.  1  here  will  be  also  an  appreciable  rise  in  the 
boiling  temperature,  while  the  body  acquires  at  the  same  time  a  sweet 
taste,  inasmuch  as  there  occurs  a  gradual  transition  from  the  hydro¬ 
carbons  to  the  sugars.  In  accord  with  this,  the  glycols  have  a  sweetish 
taste,  are  very  easily  soluble  in  water,  slightly  soluble  in  ether,  and 

alcohol  1  1*^er  (ak°ut  IOO°)  than  the  corresponding  monohydric 

Behavior.  (1)  With  dehydrating  agents,  see  alkylen  oxides: 
cyc.  ^ters  °[  1  ie  fdyc°ls-  2d  Method  of  formation,  page  298. 

(2)  Many  glycols,  when  oxidized,  especially  the  primary,  pass  into 
the  corresponding  oxidation  products;  see  ethylene  glycol;  others 
break  down  with  the  splitting-off  of  carbon  chains. 

U;  Conduct  toward  the  haloid  acids,  nitric  acid,  concentrated 
sulphuric  acid,  acid  chlorides  and  acid  anhydrides;  see  esters  of  the 
glycols,  page  300.  3  * 

•  1‘  Ethylene  Glycol,  [1.2-Ethandiol],  CH2OH  .  CH2OH,  melt- 

•  f  ^  -,,1 1-5.  JG1  inS  at  l97‘5°f  with  a  specific  gravity  of  1.125(0°), 
ties  of  it  C  W*  water  an(l  alcohol.  Ether  dissolves  but  small  quanti- 

lene  "rhW^^r'116^  ^1°™  et^yle”e  through  ethylene  bromide  (ethy- 

oxidation  anrl  ^enfera  method  of  formation,  p.  293]  or  by  direct 
oxidation,  and  also  from  ethylene  oxide  by  the  absorption  of  water  : 


+  h2o  =  9V 

UI“  CH„ .  OH 


OH 


water,  with  a  retu^Uden^er'^ntif alMh br°?1,fe»  r33  grams  K2C03  and  I  liter  of 
240  and  250).  It  would  \J  a  ethylene  bromide  is  dissolved  (A.  I92* 
ethylene  bromide  and  the  carbonat^  advantageous  to  take  a  little  water  and  add 
separated  potassium  bromide  m  Port,ons»  filtering  from  time  to  time  from  the 


Dcporlmm,.-{l)  On  heating  ethylene  with  2.nc 


chlorit 


dihydric  alcohols  or  glycols. 
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icid  and  oxalic  acid.  The  first  oxidation  product,  glycolaldehyde 
(see  this),  is  further  oxidized  too  rapidly  : 


CHj .  OH 
CH,.OH 

Glycol 


COOH 
~^CH2OH 


CHO 

CHO 


COOH 

CHO 


COOH 
COOH 


Glycolfic  Acid  Glyoxal  (see  this)  Glyoxylic  Acid  Oxalic  Acid. 

(3)  And  when  glycol  is  heated,  together  with  caustic  potash,  to 
250°,  it  is  oxidized  to  oxalic  acid  with  evolution  of  hydrogen. 

(4)  Heated  to  1600  with  concentrated  hydrochloric  acid,  glycolchtor- 
hydrin  results ;  which  at  200°  is  converted  into  ethylene  chloride. 

(5)  The  latter  is  also  produced  when  PC15  acts  upon  glycol. 

(6)  Nitric-sulphuric  acid  changes  glycol  to  glycol  dinitrate. 

(7)  Concentrated  sulphuric  acid  and  glycol  yield  glycol  sulphate. 

(8)  The  acid  chlorides  or  acid  anhydrides  produce  mono-  and  1- 
esters  of  glycol. 

Gly collates  : 

Metallic  sodium  dissolves  in  glycol,  forming  sodium  glycollate,  C2H4<^Q^Ta  *  an 

(at  170°)  disodium  glycollate,  C2H4(ONa)2.  Both  are  white,  crystalline  bodies, 
^generating  glycol  with  water.  The  alkylogens  convert  them  into  ethers. 

Polyethylene  Glycols  :  . , 

Ethylene  oxide  absorbs  water  and  becomes  glycol.  The  latter  and  e’^'^ne  ox 
Unite  at  loo0  in  varying  proportions,  thus  yielding  the  polyethylene  g  yc 

OH 

cy  /  0 

C2H40  +  C2H4(OH)2  =  2  4)o  Diethylene  glycol,  b.  p.,  250  . 

c’H‘Xoh 

BE 


C2H4 


/ 


2C.H.0  +  Triethylene  glycol,  b.  p.,  287 


‘>0 

C'<OH, 


etc. 


•  ts  They  behave  like 

The  polyglycols  are  thick  liquids,  with  high  boiling  P£dation  with  dilute  nitric 
e  glycols.  Ether-acids  may  be  obtained  ro'\'  diethylene  alcohol. 

"Od;  thus  diglycollic  acid  (see  this)  is  formed  from  diet  y 


The  two  glycols  theoretically  po®1"1*5  CH,(OH),  is  formed  from 
fW[..3-Propandiol],  CH,(OH •  C «• irom  glycerol  m  the 
bimethylene  bromide  (B.  *6,  393 ^  butyl  alcohol  (B.  2  ,  -  7  )• 

’•■K'lJPZtnMio*,  topfl-  roxypropfi'n.c  acid  or  kydracyhc  aci. 

Moderately  oxidized,  it  forms  ^°%n 
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'/Propylene  Glycol  [1.2-Propandiol],  CH* .  CH(OH) .  CH, 
OH,  is  obtained  from  propylene  bromide  or  chloride.  It  is  rrrM 
readily  preyed  by  distilling  glycerol  with  sodium  hydroxide  (B.  10 
1*  boiLs  at  1880.  At  o°  its  specific  gravity  equals  i.©r|’ 
Platintim  black  oxidizes  it  to  ordinary  lactic  acid.  Only  acetic  ac  d 
is  formed  when  chromic  acid  is  the  oxidizing  agent.  Concentrated 
hydriodic  acid  changes  it  to  isopropyl  alcohol  and  its  iodide.  It 
contains  an  asymmetric  carbon  atom,  arid  when  exposed  to  the  action 
or  the  ferment  Bacterium  termo,  becomes  optically  active  (B.  14  8iz  . 

3-  Butylene  Glycols,  CtH/OH > 


Ljre  °f  die  six  fo*i  /e  bot%  lene  glycols  are  known 

Tetramethylene  Glycol  [1.4- Butandiol],  CH,(OH) .  (CH,/, .  CH, .  OH,  ob- 

hrxL.  tetramethylene-dmitramine  bjr  means  of  sulphuric  acid,  boils  at  202-203' 
fB.  23,  R.  506;.  K  J 

«  Butylene  Glycol,  CH,  CH,  CH'OH) .  CH, .  OH,  toils  at  191-192'. 

//  Baty.er  e  Glycol,  CH,  CH(OHj .  CHOH , .  CH*  boils  at  183-184°. 
Isobutylene  Glycol,  (CH,),.  OOH).  CH, .OH,  boi.s  at  176-1 78*. 

r  5'®Ut?lene  ^y001  [i-3-Butandiol],  CH,.CH(OH ).CH,.  CH,.- 
boiling  at  207',  ;s  formed  by  the  reduction  of  aldol. 

4-  Amylene  Glycols,  C^H^IOHj,. 

Pentamethylene  Glycol,  obtained  from  pe,U- 

metbyiene-diamme  by  the  4th  metbcd  of  foxier!  >p.  293),  boils  at  260''. 

Tiie  following  glycols  have  been  made  from  amylene  bromides: 

f  £®*|*Jj*  Pfe01*  frH* '  CII2 '  CH'OH) .  CH/'OH  I .  CH,.  boils  at  187°. 

«d *o-my.ene  Glycol,  ( CH,  ,CH  .  CH  ■  OH  .  CH  (OH  toils  at  206’. 

riyC<>1i  '  W>H  .  CH,/ boils  at  177'' 

^/Jsoamylene  Glycol,  (CH,j,qOH)CH, .  CH/JH,  toils  at  203''  (B.  29, 

‘  OH;CH,CHOHCH*  obtained  by  the  rednctioc  of 

.G!y^°1,  5H* : CH (OH)  •  CH*  *  CH, .  CH,  OH,  is  formed  from 
water  Xt  *****  “  2I9C.  partly  decomposes  into 

at  129’  and  boiling  at  no5,  is 

5  Xylene  Glycols,  UUOHL^7^  2041  fomaldehJrde  **  liroe' 

bwlyllSA^^IA^CS*l^(0B)*fCH,),.CH/lH,  is  obtained  from  aceto- 

«  235°  (o&r  7iSnmL  pressure)  and  speed:* 

^7^  735  Hczametbylene  Glycol,  HO[CHJ,OH  IB.  *7. 

e  Glycol,  (CH,\,.  C(OH) .  C(OH/ .  (CH,  t  - 

7th  method  of  bJrmi ion  v  2 <1  *^?r0pyl  a,coho,»  when  soditnn  (B.  27,  45j  ** 

aoneoos  solotion  in  ooadr£k  £LZ",) kUT*  ^ntxna>  acelf>n«  II  crvsullues  from  » J 
42'',  aoi  gradixallr  eSItw  hence  ^  naro«.  from  rrmif,  plate),  melting  ^ 
ard  boil*  at  171-172''  ^  00  exP°s*we.  In  the  anhydrous  state  it  melu  at  55 

moiecsleof  water,  and  b|!b(r!!ltel5  rjr  hydrochloric  acid  pinacone  parts  with  one 

o»ecuLr  transposition,  becomes  pinacolin r,  or  tertiary 
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■^monc.  Its  isomeride,  , 'frame, hyUthyUne  oxide  (p.  299),  is  also  known. 
,  combines  ^  befnCp^ed  by  reduction  in  the  same  manner 

SSSaa^aJrKaKfif-s  Ss 

aldehvde  has  yielded  the  corresponding  disecondary  glycol,  and  a  mixture  o  iso 
andisovaler-aldehyde  gave  a  mixed  disecondary  glycol.  Methyl-n-propyl-ethy  l  ethylene 

^«/)CHj(C3H,)C(OH)CH(OH)C2H5  (B.  27,  R.  166). 


B.  UNSATURATED  GLYCOLS,  OLEFINE  GLYCOLS,  ACETYLENE  GLYCOLS. 

Unsaturated  diacid  alcohols  have  been  but  slightly  investigated.  The  simplest 
representatives  possible  theoretically  are  not  known,  and  probably  are  not  capable  of 
existing. 

See  p.  299,  upon  the  view  of  furfurane  as  an  oxide  of  an  unknown,  unsaturated 
Also  consult  acetonyl  acetone  (see  this).  #  . 

Dipropionyl,  dibutyryl,  and  di-isovaleryl  are  olefine  glycol  derivatives.  They 
resulted  from  the  action  of  metallic  sodium  upon  an  ethereal  solution  of  propionyl 
c  or^e>  butyryl  chloride,  and  isobutyryl  chloride.  They  are  esters  of  alkyl  acetyl- 
ene  glycols  (Klinger  and  Schmitz,  B"  24,  1271 ;  B.  28,  R.  1000). 

Diethyl-acetylene  Glycol  Dipropionate,  Dipropionyl,  ^'!  !5  ’  >v!  rnr  ^5’  at 

C,rL  .  LU  .  HJk-2ri5  _  _  rT 

I0o0rTrt  ,  c3h7.c.co.c3h7 

Omm.).  Di-n-propylacetylene  Glycol  Dibutyrate,  Dibutyrvl>Qj_^  £  CO.  C3H7’ 
TH  f  ruI3°°  (I2  mm)-  Di-isobutyl  Acetylene  Glycol  Di-isovalerate,  Di-isovaleryl, 

.ktyH.S’JloS  ■  b°ilsat  ,45-I55° <I2  mm)'  Bu,yro!n  a"d 

^aleroin,  the  corresponding  a-ketone  alcohols  (see  this),  are  produced,  and  not 
£kyl  ^etylene  glycols,  when  these  three  compounds  are  saponified.  _ 
Hexa-di-mdiol,  CH,(OH)C  •  C  —  C  :.  C .  CH, .  OH,  melting  at  1 1 1  ,  is  a  diacetyl- 
andf'' U°t'  •  ^ ’s  ^ormed  by  the  oxidation  of  the  precipitate  bom  pr°parg>T  a  co 
mmoniacal  cupric  chloride  with  potassium  ferricyanide  (Ch.  C.  1897,  ,  )■ 
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1.  ALCOHOL  ETHERS  OF  THE  GLYCOLS. 
lh  A^The  alcohol-ethers  are  obtained  from  the  metallic  glycollates  by  the  action  of 

alcohol  ethers  of  the  Slycols  ariSC  alS°  iD  thC  11111011  °f  ‘thyUne  ^  WUh 


'OH  +  W  =  Nal  +  c,H4<gHC^,Glycolmonoethyl ether, b.  p.  1*7°. 

+  aCsH5I  =  2NaI  +  C,H4<g  ‘  c*H3’  GlyCo1  diethyl  *  I23°‘ 

See 

>1  for  the  phenyl  ethers. 
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The  polyethylene  alcohols  are  most  closely  related  in  tliAoi  1  ,  , 

have  been  already  considered  after  ethylene  glycol  (D  2q^  rv°  1°  1  They 

tains  the  same  relation  to  glycol  as  ethyl  ether  bears  to  ethyi  alShoh  g  ^ SUS' 

0  .CH2.CH2.OH  _  r„  r„ 

<CHS .  CH, .  OH’  °<Ch: :  Cl";.  ^Ifc 


B.  Cyclic  Ethers  of  the  Glycols,  Alkylen  Oxides, 
y  assuming  the  exit  of  a  second  molecule  of  water  from  diethylene  glycol,  the 
first  ether  of  glycol,  there  arises  Diethylene  Oxide ,  0<qJ2  '  melting  a‘9° 

and  boiling  at  102°  ;  a  polymeric  ethylene  oxide  (compare  polymeric  aldehydes), 
e  secon  et  ler  of  glycol.  It  is  obtained  from  the  red,  crystalline  brom- addition 
pro  uc  o  ethylene  oxide,  (C2II40)2Br2,  melting  at  65°  and  boiling  at95°,  when  it  is 

treated  with  mercuric  oxide.  Ethylene  Methyl  Ether ,  '  °>CH2,  boiling  at  78°, 

is  obtained  from  trioxymethylene,  ethylene  glycol  and  ferric  chloride  ^B.  28,  R.  109). 

Ethylene  Ethidene  Ether,  £jj2  ’  °>CH .  CH3,  boiling  at  82.5°,  results  from  the 

union  of  ethylene  oxide  and  acetaldehyde.  It  is  isomeric  with  diethylene  oxide. 

The  latter  is  a  cyclic  double  ether.  But  ethylene  oxide ,  ^||2>0,  the  third  ether  of 

glycol  (\\  iirtz),  is  the  simpler  cyclic  ether  of  glycol.  , 

The  simple  cyclic  ethers  of  the  glycols,  the  alkylen  oxides,  are  readily  produced 
in  various  ways,  depending  upon  whether  the  two  OH-groups  are  attached  to  adja¬ 
cent  carbon  atoms  or  not.  Alkylen  oxides,  in  which  the  O-atoms  are  in  union  wit 
adjacent  carbon  atoms,  are  termed  the  a-alkylen  oxides,  while  the  others  are  the  » 

^kylen  oxides.  (1)  Ethylene  oxide  itself  and  the  ethylene  oxides,  as  we 

the  p-alkylen  oxides  (trimethylene  oxide),  are  prepared  by  the  action  of  caustic  po 
upon  the  chlor-  or  brorn- hydrins,  the  monohaloid  esters  of  the  respective  glycols. 


CH2 .  OH  CH.. 

CH„C1  +  K0H  =  ph  >°  +  KC1  +  H2°- 


ch2 

(2)  The  y-  and  d-alkylen  oxides  ( y-pentylene  oxide,  pentamethylene  oxlfe\* 
ie  glycols  are  heated  with  sulphuric  acid  (B.  18,  3285 ;  I9>  2b^>  ’ 

,CH, .  CH2, 


formed  when  the  glycols 

,CH2 .  CH2OH 
"CH2 .  CH„OH 


ch2/ 


^SO<  >CH,/  '  '>  +  H,0. 

— 1  •  — >-*•  'CH, .  CH/ 

A 

The  a-glycols,  under  like  treatment,  lose  water  and  yield  either  unsaturate 
a  c2“°ls>  aldehydes,  or  pinacolines,  depending  upon  their  constitution  (p.  214)-  .  Q 
lhe  ethylene  oxide  ring  is  easily  ruptured,  hence  ethylene  oxide  ente5s  tra. 
addition  reactions  quite  as  freely  as  its  isomeride  acetaldehyde.  The  rings  of  jet 
and  pentamethylene  oxides,  however,  are  far  more  stable.  These  can  only  be  bro 
up  by  the  haloid  acids. 


Ethylene  Oxide,  £^0*0,  boiling  at  12. 50,  sp.  gravity  0.89^ 
isomeric  with  acetaldehyde,  CHs.CHO,  is  a  pleasantly  smelling’ 
ethereal,  mobile  liquid,  with  a  neutral  reaction,  yet  able  to  gj”"1  ' 
precipitate  metallic  hydroxides  from  many  metallic  salts 
Rot.  und  Refract.,  see  B.  26,  R.  497)  : 


CH 


MgCla  +  2  CH*>0  -f  2lIso 


CH2 .  OH 
2  CHjCl 


OH 

+  M8<OH ' 
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Fthvlene  oxide  is  characterized  by  its  additive  power,  (i)  It  combines  with 
wafer  and  slowly  yields  glycol  (2)  Nascent  hydrogen  converts  it  into  ethyl  alcohol. 
,,  l  he  halogen  hydrides  unite  with  it  to  form  halohydrins,  the  monohaloid  esters 
If  he  glycols  (4,  a)  With  alcohol  it  yields  glycol  monoethyl  ether ;  (b)  with  glycol 
it  forms  diethylene  glycol;  (c)  and  with  the  latter  it  combines  to  triethylene  glycol. 
(:  It  forms  ethylene  ethidene  ether  (see  above)  with  aldehyde.  (6)  Acetic  acid 
and  ethylene  oxide  form  glycol  monacetate,  and  (7)  with  acetic  anhydride  the  product 
is  glycol  diacetate.  (8)  Sodium  bisulphite  changes  it  to  sodium  isethionate.  (9) 
Ammonia  changes  ethylene  oxide  to  oxethylamine.  (io)  With  hydrocyanic  acid  it 
forms  the  nitrile  of  ethylene  lactic  acid  or  hydracrylic  acid,  from  which  hydrochloric 
acid  produces  the  ethylene  lactic  acid  itself.  Caustic  potash  polymerizes  ethylene 
oxide  at  50-60°  (B.  28,  R.  293). 

For  comparison ,  the  following  additive -reactions  of  ethylene  oxide  and  aldehyde 
are  arranged  side  by  side : 


CH. 


(Ih2>0 


SO3HK  ch2.oh 
£h2  .  S03K 
NH3  ch2.oh 
£h2.nh2 


CNH 


CH2 .  OH 


CN 


^Ah.. 


CIL  .  CH  :  O 


SO3HK  v  ^TT  S~*TT  /OH 

^  CHS.  CH<sq3k 
NHa  -^CH3.CH<°^ 
-CNH  ->•  CHj .  CH<°^ 


(CHs)2C>^ 

35°,  Isobutylene  Oxide,  ^  >0, 


CH  CH 

Q  Propylene  Oxide ,  3  •  ^>0,  boils  at  35-,  isoowy  tene 

at  ct  0  CH2 

t  }  ~^2.  ’  sym*  Dimethyl-ethylene  Oxide  at  82°  ;  trimethylethylene  oxide  at  75“"7^°  5 
?amet'lyl-ethylene  oxide ,  boiling  at  05-06°,  combines  with  water,  with  the  evolution 
°f  much  heat,  and  yields  pinacone  (p  296). 

Trimethylene  Oxide,  CH2<£^2>0,  boils  at  50°.  Preparation,  p.  205. 


furfurane,  1  *  ^Oi  boils  at  57  (B. 

CHj  •  CHj 


•  Cl  I  cj^ 

T'tramethylene  Oxide,  Tetrahydro-furfurane,  i  2  2 

CH2  •  CHj 

25,  R.  912).  y-Pentylene  Oxide,  f boils  at  77°  (p.  296  ;  B.  22,  2571). 

CH2 .  CH,^  ’ 

pentamethylene  Oxide,  CH2<^2  *  qh2>°,  boiIs  at  82°  27,  R'  *97^' 


<5- 


*  V/ll 2  • 

Hexylene  Oxide,  CH,<CH:i '  CH^$ boiling  at  l04°,does  not  combine  with 
ammn  •  ^  CH2  .  CH>U’ 

mDoonia(B.  18  228^1  2  * 

B urfurane  corresponds  to  tetramethylene  oxide.  ^t^probatde 
that  »k*  cyclic:  ether  of  an  unknown,  unsaturated  glycol.  rearranee  itself 

to ...  Is  glycol  could  exist;  it  would  be  more  probable  that  1  w° 
ccmdialdehyde,  and  this  in  turn  to  y-butyrolactone  (see  this)  : 


?1'CH20H  CH..CH 


CH  =  CHOH  CH  =  CH 


,  ‘i-ttijUn  CHa .  CH2  — 

CH.CH.OH  Ah,.CH,>0  Ah  =  CIIOH  H  =  °_“ 


tetramethylene 
Glycol 


Tetramethylene 
Oxide 


Unknown 


>0 

Furfurane. 


A«lprop,l  llcoh„,  furthermore,  b-  ^ded  .  .me,hy,dihydrofurfu,.o._U,e 
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alcohol  corresponding  to  it  would  very  probably  at  once  rearrange  itself  into  acetyl 
propyl  alcohol  (p.  52):  y 


CH2.CO.CH3 
CH2 .  CH2OH 

Acetopropyl  Alcohol 


CH  =  C(OH) .  CH3 
CH2  —  CH2OH 

Unknown 


CH  =  C-CIL 

CH2—  ch2° 
i-Methyldihydrofurfurane. 


By  the  substitution  of  sulphur  and  again  of  the  NH-group  for  oxygen  in  furfurane 
the  products  are  thiofurfurane,  which,  from  its  remarkable  resemblance  to  benzene, 
has  been  called  Thiophene,  and  Pyrrol. 

Notwithstanding  that  the  manner  of  union  in  the  rings  of  these  heterocyclic  com¬ 
pounds  is  not  definitely  known,  it  is  possible  to  refer  many  bodies  to  them : 


CH  =  CH 

tH  =  CH>0 
Furfurane 


CH  =  CH 
l  >S 

CH  =  CH 

Thiophene 


CH  =  CH 
1  >NH 

CH  =  CH 

Pyrrol. 


All  of  them  contain  rings,  and  they  will  be  discussed  later  in  conjunction  with 
related  classes  of  heterocyclic  derivatives. 


2.  ESTERS  OF  THE  DIHYDRIC  ALCOHOLS  OR  GLYCOLS. 

A.  Esters  of  Inorganic  Acids. 

(a)  Haloid  Esters  of  the  Glycols. — The  glycols  and  monobasic  acids  yield  neutral 
and  basic  esters.  The  dihalogen  substitution  products  of  the  paraffins  are  the  neutral 
or  secondary  haloid  esters  of  the  glycols.  The  halogen  atoms  in  them  are  attached 
to  different  carbon  atoms.  They  are  isomeric  with  the  aldehyde  haloids  (p.  201)  and 
the  ketone  haloids  (p.  216),  having  an  equally  large  carbon  content: 

J  ch2ci  chci2  CHj 

and  1  1  1 

CH2  are  isomeric  with  CH2  and  CC12 

£hs  bn2ci  ch3  ch3 

Propylene  Trimethylene  Propidene  Chloracetol 

Chloride  Chloride  Chloride  (p.  217)- 

(p.  201) 

The  basic  or  primary  haloid  esters  of  the  glycols  are  the  halohydnns.  These  are 
obtained :  6; 

(I)  When  the  glycols  are  treated  with  hydrochloric  and  hydrobromic  acids: 


CH2C1 

£hci 


C.H.<8h  +  Ha  =  C,H,<°H  +  H,0. 

When  heated  with  HI, a  more  extensive  reaction  occurs.  Ethyl  iodide  (p.  I42)*^ 
obtained  from  ethylene  glycol.  .  J 

1,  c^n  be  obtained,  too,  by  the  direct  addition  of  hypochlorous  acid  to  t 

alkylens  (B.  18,  1767,  2287) : 


CII2 

II 

C(CII3); 


+  C10H  = 


CH„OH 


(CHjljCl. 


(3)  By  the  action  of  haloid  acids  upon  ethylene  oxide  and  its  homologues: 


CH 


£H  >0  -f  HC1  = 


CII2 .  OH 

(:h2ci. 


^  or  ISE  DIHYDRIC  ALCOHOL;  OR  GLYCOLS. 


3:I 


.  E-r>»  CHP  •>  CH.  - 

> — ^utrtvJrri-  -  Trwmez* j  b'~ rim» L H*'J *  V1* * 

i  •^>***r^*  tT  of  HQ  from  trimrthyfc»e  glycoL 

Vh  ":h  :-: 

i  *  l'-r*  br  the  ao-c  of  dime  smzrmrk:  acid.  c-/Vi .*r»  **\g  *7\A  r"*fr 

nSoK Zfme  «*  i'-:  is  ibradwteiaOH  adds  itself  to 
5?  a  CHjQH.  bofls  at  irf- 

J=z^_  -  *  21  i  _ ; _ — ,  lw^T^ -r  -©?  i «  is  lormea  br  me 


rrci- 


S  ix-llmg  m  Ui%  «  tonned  br  the 

i  £=d  ESC  eshide  (B.  2S,  3111  -  . 

-*  -r^-r  ixaid  =51=5  a*  also  ce  coosiceied  as  schsumDoo  prodncjs  of  the 
^-f,-,-^-,:  «‘.w«  Gljri  ddarhycrin  arced  be  chlor-ethyl  ^ctx-oi.  {I 
3E  b»faea  Jtr  -V-  ir».->  primary  alcohols.  -  I  Oxidizing  agents  coovert 
---rr  ic  liceez  £ett  «-»~v  e.  g->  glycol  chkxhydr.n  yields  :..\ni.-rr.  : 

— y — r fx--Txi  d dd jirh  yields  acid ;  cr-pfopylene  g’yool-^*- 

—  ,t*t —  Trt_.fi  c  citurprvgieene  an  d  is:  :err  toe  glyooIo-chk  Aj'drJi  yie.LkS 

Kurjjhrrv  tit.  ;  Tbev  change  to  lOrjkn  oxides  coder  the  iniaetce  of 

i  sjrs  of  she  jit  cols  are  produced  when  they  combine  ai:  n  sa — ? 

c  iycx  ird ;  i.  r..  ghtoi  dikxhrdnc  and  potassium  acetate  yield  p.fiW  ma*<~ 
£  cxaiCHj.COO.CH^.  CH.OH.  5)  Potassium  cyanide  changes  them  to  nitriles 
«  he  nyaccs. 

Satbrnl  Haloid  Esters  of  the  Glvcols  are  very  important  starting- 
~f-~ 3  ni  me  preparation  of  the  glvcols ;  compare  methods  1  and  4 

-  :  me  formation  of  glycols,  p.  293. 

Methods  tf  Fermuxtitm. — (i)  Bv  the  addition  of  halogens  to  the 
— *•  £-,  ethylene — ethylene  chloride,  bromide  and  iodide 

IS-  t; 


^’+a=CH’a.  CH" 

^  cH,a  ’  ch, 

^  sisin^oc  of  paratrr-s  and  monohalogen  para tr.  ns : 


CHjBr  CH,  CH,I 

^  =  CH,Br*  CH,  “  **  =  CH,I 


CH, 

CH, 


CH,C1 
CH, 


CU 


cH,a 

cH,a 


CH,  - — ►  CH,  CH,a 

3  ■  By  the  addition  of  halogen  hydrides  to  monohalogen  olefines, 
phs  instance  much  will  depend  on  the  temperature,  concentration, 
-I»cr  conditions,  as  to  whether  both  or  only  one  oi  the  tw  o 
jOsible  isomerides  is  formed : 


CHBc, 
CH, 


diL  HBr 


CHBr 

CH, 


Cone.  HBy 


CH.Br 
CHjBr" 


—  +■  *■ 

Ji;  By  the  action  of  HC1,  HBr  or  HI  upon  glycols  and  glvcol 
T^hydrins.  The  second  OH  wall  be  replaced  with  more  difficult} , 
“  a-  a  higher  temperature,  than  the  first. 

JjS?  obtaioed  b7  KI.  -d  cb.oriies  by  means  of 

Properties  —The  simple  dichlor-  and  dibrom-esters  of  the  glycols, 
^  define  dichlorides  and  dibromides,  volatihze  without  deconv 
Potion.  The  di-iodides  decompose  readily  m  the  light,  and  *hen 
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distilled  break  down  into  olefines  and  iodine.  The  ethylene  dihaloids 
have  a  very  pleasant  odor. 

Transformations.  — ( i )  The  dihalogen  paraffins  are  converted  into 
olefines  by  sodium : 


CILC1  CHC1, 

and  | 

CH.Cl  CH, 


aNa 


The  production  of  trimethylene  from  trimethylene  bromide  and  sodium  or  zinc  is 
noteworthy : 

CH  Rr  CH2 

ch*<ch$  + 2Na  =  CH*<iHi  +  2NaBr' 


(2)  Nascent  hydrogen  converts  both  di- and  mono-halogen  paraffins 
into  paraffins.  This  is  the  reverse  of  substitution — retrogressive  substi¬ 
tution  (p.  101). 

(3)  When  digested  with  alcoholic  potash,  a  halogen  hydride  splits 
off,  and  monohalogen  olefines  and  acetylenes  result  (p.  95). 

(4)  Suitable  reagents  change  dihalogen  paraffins  into  the  corre¬ 
sponding  glycols  (p.  293)  or  their  esters. 

(5)  Ammonia  produces  alky len  diamines. 

(6)  Potassium  cyanide  converts  them  into  the  nitriles  of  monohalogen  acids,  and  the 
nitriles  of  dicarboxylic  acids.  These  are  classes  of  bodies  whose  connection  with  the 
glycols  is  indicated  by  the  dihalogen  paraffins  : 


CHj 

I 

CHj 


CH.Br 
>  I 
CHjBr 


CHj.  OH 
^<!:H2.OH 

CHj .  CN 
^CH2.CN 

Ethylene 

Cyanide 


CH2.COOH 

^CHj.COOH 
Ethylene 
Succinic  Acid. 


Ethylene  Haloids — Ethylene  Chloride,  Elayl  Chloride ,  Oil  of  the 
Dutch  chemists ,  CHjCl .  CH2C1,  boiling  at  84°,  can  be  prepared  (A- 
94»  245)  by  conducting  ethylene  into  a  gently  heated  mixture  of  2  par 
ol  manganese  dioxide,  3  parts  of  salt,  4  parts  of  water  and  5  Pfr 
of  sulphuric  acid.  It  is  insoluble  in  water,  has  an  agreeable  o  °  » 
sweet  taste,  and  the  sp.  gr.  1.2808  (at  40).  , . 

Ethylene  Bromide,  CH2Br .  CH2Br,  melting  at  +  ?°  and  boili  J 
at  i3l0>  is  formed  when  ethylene  is  introduced  into  bromine,  contai 
in  a  wide  condenser  bent  at  right  angles,  and  covered  with  a.  a'ef  0. 
water  (A.  168,  64).  It  is  also  produced  when  ethyl  bromide,  1 
mine  and  iron  wire  are  heated  to  ioo°  (B.  24,  4249)-  ,  ron- 

Ethylene  Iodide,  CHJ  .  CHJ,  melting  at  8i°,  is  f°rmed/T°nTg64, 
ducting  ethylene  into  a  paste  of  iodine  and  ethyl  alcohol  (J*  1 

345)- 
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(3)  There  also  remains  that  ester  formation  resulting  from  ft,,.  u-  • 

“dehytr  ydrideS  ‘°  aIkykn  °XideS>j“St  “  *■« 


CH 

iH2>0  +  (C2H30)20  = 


CH2 .  O .  COCHj 
CH2 . 0  .  COCHj ; 


CH3 .  CHO  +  (C2H30)20  =  CH3 .  CH  (OCOCH3)2. 


Glycol  Mono-acetate,  C2H4<gH^Hs°,  boils  at  182°,  and  is  miscible  with 

water. 

If  hydrochloric  acid  gas  be  conducted  into  the  warmed  solution,  glycol  chlor- 
acetin,  C2H4<^?j*  ^ 2^3^,  or  chlorinated  acetic  ethyl  ester,  CH2C1 .  CH2. 0.  C2H30, 
is  produced.  This  boils  at  1440. 

Glycol  Diacetate,  C2H4(0 .  C2H30)2,  is  a  liquid  of  specific  gravity  1.128  at  o°, 
and  boiling  at  1860.  It  is  soluble  in  7  parts  of  water. 

a- Propylene  Glycol  Diacetate,  CH3 .  C2H3(0  .  COCH3)2,  boils  at  1860.  Tri- 
methylene  Glycol  Diacetate,  (CH2)3(OCOCH3)2,  boils  at  210°. 

I  he  formation  of  the  acid  esters  is  well  suited  for  the  detection  and  determination 
of  the  number  of  hydroxyl  groups  in  the  polyhydric  alcohols,  the  sugars  and  the 
phenols.  Benzoic  ester  particularly  is  especially  easy  to  prepare.  It  is  only  neces¬ 
sary  to  shake  up  the  substance  with  benzoyl  chloride  and  sodium  hydrate  in  order  to 
benzoylize  all  the  hydroxyls  (B.  21,  2744  ;  22,  R.  668,  817)  The  formation  of  the 
nitric  acid  ester  is  also  well  adapted  for  the  purpose.  See  glycol  dinitrate,  p  3°3> 
and  also  the  carbamic  ester  resulting  from  the  action  of  the  isocyanic  ester  (see  t  1  s)» 
and  especially  of  the  phenyl  isocyanic  ester  (see  this). 

For  carbonic  esters  of  unsaturated  glycols,  see  p.  297. 


3.  THIOCOMPOUNDS  OF  ETHYLENE  GLYCOL. 

Compare  the  sulphur  derivatives  of  the  monohydric  alcohols  (p-  *47)> 
hydes  (p.  202),  and  the  ketones  (p.  218). 


treating  mono- 
1  when 


A.  Mercaptans. 

The  mercaptans  corresponding  to  ethylene  glycol  are  formed  on 
chlorhydrin  and  ethylene  bromide  with  potassium  sulphydrate. 

The  Monothioethylene  Glycol,  C2H4<^“,  yields  isethionic  acid  (p.  3°6)  wl 
treated  with  nitric  acid. 

Dithioglycol  Ethylene  Thiohydrate,  glycol  mercaptan.  The  °dor 

of  this  compound  is  something  like  that  of  mercaptan.  It  boils  at  146° ;  <lf  sPe£C£ 
gravity  ,s  1. 12.  Insoluble  in  water,  it  dissolves  in  alcohol  and  ether.  It  sh°ws  W 
reactions  of  a  mercaptan  (B.  20,  461). 

B.  Sulphides. 

rW  QA1J*l  etlyeIr?  °fJhf  Ethylene  Mercaptans :  Oxcthy  l- ethylene  Sulphide,  CH,  •  ■ 

r  M^CHCV*  1 °iS  ,at  1 84°'  Ethydene  Dimeth yl  Sulphide,  CH,S  •  CHt  • 
CH.SCHj,  boils  at  183  .  Ethylene  Diethyl  Sulphide  boils  at  l88°.  .  vl_ 

(h)  Vinylalkyl  Ethers  of  Ethylene  Mercaptan  or  Sulphuranes :  Vinyl-etty1 
ethylene  mercaptan,  CH, :  CH  .  S .  CH? .  CH, .  S .  C.II*  boils  at  214°-  *°r 
formation,  see  the  sulphme  compounds,  which  are  treated  later  on  .  • 

w  Thiodislycol .  ,o  diglffol.  » 

also  known  (B.  19,  3259).  However,  the  simple  ethylene  sulphide,  corresponding  to 


thiocompounds  of  ethylene  glycol. 
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_ CH 

ethylene  oxide,  is  not  known,  while  Diethylene  Oxide  Sulphone,  0<CH*_CH'>  SO*, 

corresponding  to  diethylene  oxysulphide,  and  melting  at  130°,  as  well  as  Diethylene 
Disulphide,  are  known. 

(J)  Cyclic  Sulphides:  Diethylene  Disulphide,  melting  at 

1120  and  boiling  at  200°,  is  formed  from  ethylene  mercaptan,  ethylene  bromide, 
and  sodium  ethylate.  When  ethylene  bromide  is  digested  with  alcoholic  sodium 
sulphide,  a  polymeric  ethylene  sulphide,  (C2H4S)n,  melting  at  1450,  is  produced  at 
first  This  is  a  white,  amorphous  powder,  insoluble  in  the  ordinary  solvents.  Pro¬ 
tracted  boiling  with  phenol  changes  it  to  diethylene  disulphide  (A.  240,  305  ;  B.  19, 
3263;  20,  2967). 

(e)  Ethylene  Mercaptals  and  Ethylene  Rlercaptols  are  similarly  produced  from 
ethylene  mercaptan  by  the  action  of  aldehydes,  ketones,  and  HC1,  just  as  the  mer¬ 
captals  (p.  218)  and  the  mercaptols  (p.  204)  are  obtained  from  mercaptans  (B.  21, 
1473)- 

CH  S 

Etbylene-dithioethidene,  ^7p>CH  .  CH3,  boils  at  1730. 

C.  Diethylene  Tetrasulphide,  C2H4<g2>C2H4,  is  produced  by  the  action  of 

the  halogeos  upon  ethylene  thiohydrate  (or  sulphuryl  chloride  or  hydroxy lamine. 
t  is  a  white,  amorphous  powder,  melting  at  150°  (B.  21,  1470). 

Sulphine  Derivatives. 

1  )1  iodide  and  diethylene  disulphide  unite  to  sulphiniodide,  (C2H4S)2C2H5I. 
CH  S  C  II 

tbyl  Sulphurane,  \  ^  ^ is  produced  on  distilling  this  iodide  with 

sodium  hydroxide.  The  closed  ring  of  diethylene  disulphide  is  broken, 
yiel  \  e.Union  derivatives  of  diethylene  disulphide  with  the  higher  alkyl  iodides 

S  ^ologous  compounds  known  as  sulphuranes.  They  are  the  alk) 
jr8of  thioethylene  (B.  20,  2967  ;  A.  240,  305). 

Th  ®U*Pk°nes« 

oxidi  eHdKUlph°neS  are  Produced  when  the  open  and  the  cyclic  disulphides  are 
attach  1  by  P°tassium  permanganate.  All  sulphones,  in  which  sulphone  groups  are 
e  to  two  adjacent  carbon  atoms,  can  be  saponified  (Stuffer’s  law',  B.  26,  1125). 

(a\  n*  o  ,  CH- .  S02 .  C2H5  t 

)  Open  Sulphones :  Ethylene-diethylsulphone,  1  ,  has  been 

_i  .  Ln2  •  oUj  .  Ljilj 

2'  a,"ed /*)  from  ethylene  dithioethyl;  (2)  from  ethylene  bromide  by  the  action  of 
bv  .k  CCU  •  of  ethyl  sulphinate,  and  (3)  from  sodium  ethylene  disulphmate 

•ul  , e  ®etion  of  2  molecules  of  ethyl  bromide.  The  sexivalence  of  sulphur  in  the 
^'phones  is  thus  proved  (B.  21,  R.  102).  It  yields  colorless  needles,  melting  at 

/ , .  CH2  .  so2 

)  Cyclic  Sulphones  ;  Trimethylene  Disulphone,  me  ts  at 

2o4-2o5°. 

Di«hylene  Disulphone,  CaH4<fg*>CaH4  (B.  26,  1124;  27,  3043),  results 
the  oxidation  of  diethylene  disulphide. 

^Uv/Ph^'8Ulphin;C  A° CH*  CH,’.  SO, .  CH, .  SO  .  OH, 

is  a  salt  is  formed  when  trimethylene  disulphone  is  de- 

'Wnposed  by  baryta  water  When  the  solution  is  evaporated  below  40°  a  cyclic  ester 
rc^iU,  which  Salh  the  lactones,  the  cycl.c  of  the  oxycarboxyhc  acids: 

0x«kylsulpkometkylene  Sulphinic  Lactone,  Q  so*>CHa>  melts  at  164°  (B. 

26 


alkyl  vinyl 
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*7.  3043).  SO.  OH  .  formjd  b^bt 

ethylene  disulphonic  acid  (p.  307).  2 

G.  Sulphonic  Acids. 

Isethiomc  Acid,  So^H*  Ethylene  Hydrinsulphonic  Acid, 

Oxyetliylsulphomc  Acid,  is  isomeric  with  ethyl  sulphuric  acid,  SO,H 
•.1  ijm/Y  ^  Produced  (?)  by  oxidizing  monothioethylene  glycol 
.  1  .  3 ’  (2)  by  ^be  action  of  nitrous  acid  upon  taurine  or  amido- 

^ooo)110  aC1<^  (comPare  formation  of  glycollic  acid  from  glycocoll, 

ClH‘<»"k  +  "O.H  =C,H(<°“h  +  N,  +  H.O, 

(3)  by  heating  ethylene  chlorhydrin  with  potassium  sulphite;  (4)  by 
01  ing  ethiomc  acid  (p.  307)  with  water;  (5)  from  ethylene  oxide 
and  potassium  bisulphite. 

r.V.nrl<^t'1'°!!'C  *?  a  hquid,  which  solidifies  when  allowed  to  stand  over  sul¬ 

phuric  acid.  Its  salts  are  very  stable  and  crystallize  well. 

lie®  w// K  anhydrous.  The  ammonium  salt  forms  plates,  which  fuse  at 

Til  enwH  \  nx2°  U  *h?n£es  to  the  ammonium  salt  of  di-isethionic  acid,  0(CH,.  - 
('lirnmir  nni  i  t'  I4',  tithyl  isethionate  boils  at  120°  (see  B.  15,  947)- 

Chromic  acid  oxidizes  the  isethionic  acid  to  sulpbo-acetic  acid. 

PU5  converts  the  acid  or  its  salts  into  the  chloride ,  c,,  a  liquid,  boiling 

Cl b°Cl  CU  “so11, ]S ( a'^22  W'1^  ^ater  '*■  *s  converted  into  chlorethyl-sulphonic  acid, 

cl%Sre'  CH*nh*“  AC'd’  Amidoethyl  Sulphonic  Acid, 
CMj .  so8H,  °r  ch2  .  so3  (discovered  by  Gmelin  in  1824;  its  sulphur 

hv11K^vU«W|1'Cu  PTreYiously  been  overlooked,  was  detected  in  184b 

intimate  n.  a.C.  er)\  ^  considered  in  this  connection  because  of  its 

It  or  cure  aC  ^  lons^1P to  isethionic  and  chlorethylene  sulphonic  acids. 

bile  „  rr1’^  acid>  in  combination  with  cholic  acid,  in  the 

and  also  in  fiL^r^e  the  name — Tat5J ox)  and  many  other  animals, 
and  also  in  the  different  animal  secretions. 

chloric  acid*-6  w  ien  taur°cholic  acid  is  decomposed  with  hydro- 


CHg .  NH(CmHs>04) 

CIIgSOgM 

Taurocholic  Acid 


HC1  CH2  .  NH. 

“*°  >  £h, .  SO,H  +  Cj‘H“»05 


Taurine  Cholic  Acid. 

CH  Cl  CH  tU  Prepared  by  heating  chlorethyl  sulphonic  acid, 

^i^1.CH2.S08H,  with  aqueous  ammonia  (Kolbe,  1862,  A.  122, 

combine  withlso  To^/0/68  etllylene  or  ethyl  alcohol  (p.  119).  Both  bodies 

“'iWonit  KW.  ’  Th,  foUo.ia, 
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•f  CH  OSO  H/i  CH^.O.SOjH  H£.  CH,-OH 

CH,'° - y  ,  V°  Cold  *r~  ttLSOjH  Hot  CH, .  SO,H^ 

iflf  .  &SoWte  Ethioak  Acid  Iseth:omc  Aad 


CH,.a 
ch-SO/ji ' 

Ckiorctfcy'  S«L 
pfaoek  Cbkrnde 


apO* 


HjO 


cH,.a 


NH, 


'  CH, .  SO,OH 

Chlorethyi  Sulpbonic 
Acid 


CH,.  XH, 

.  SOjH 

Taurine. 


HOC  '^SUXVlt  “ 

Tacrine  also  results  when  vinylamitu  is  evaporated  together  with  sulphurous  acid. 

Taurine  crystallizes  in  large,  monoclinic  prisms,  insoluble  in  alcohol, 
bat  readily  dissolved  by  hot  water.  It  melts  and  decomposes  a o  .  at 
24 s-"'.  Taurine  contains  the  groups  NH,and  SO*H,  and  is,  therefore, 
berth  a  base  and  a  sul phonic  acid.  But  as  the  two  groups  neutra.ize 
each  other,  the  compound  has  a  neutral  reaction.  It  may,  therefore, 
1*  considered  as  a  cyclic  ammonium  salt ;  this  is  indicated  in  the 
second  constitutional  formula.  It  can  form  salts  w’ith  the  alkalies. 
It  separates  unaltered  from  its  solution  in  acids  (see  Glycocoll). 

Nitrous  acid  converts  it  into  isethionic  acid  (p.  30^)- .  Boiling 
alkalies  and  acids  do  not  affect  it,  but  when  fused  with  caustic  potash 
u  krtaks  up  according  to  the  equation  : 

c»Hi<^k  +  2K0H  =  CIHJK°J  +  S0*1^  +  NH3  +  H*- 

Taurine  introduced  into  the  animal  economy  reappears  in  the  urine  as  Tauro- 
^rbamuAcid,  NH,0)NH  .  CHt.  CH, .  SO,H.  ,^.np 

“Producing  methyl  into  taurine  we  obtain  tauro-betaine,  analogous  to  betaine 

fP-  3*0);  N<§H<>S<V 

Elhiottu  Add ,  C,H4<9U  The  constitution  of  this  acid  would  indicate  it 

tti^T  a  *ulphonic  acid  and  primary  sulphuric  ester.  It  is  therefore  dibaric^an^ 
w*th  water  readily  yields  sulphuric  and  isethionic  acid^. 

'  M3  2.0),  i,  formed  when  the  vapors  of  SO  are 

£* produced  in  Ore  direct  umou  of  ..by- 

*  w,th  two  molecules  of  SO,. 

£'V«r  DiMphonu  AM,  '  Z’f'- »  «*n7  iD  ^  Whe° 

-  94°.  and  i,  formed' in*  ihe  ^ 

pbocyani<ie  with  concentrated  nitnc  wjth  a  concentrated  solution 

3°°  a,«^>l  or  ether,  and  by  boiling  ^V’^niTicid  p  306). 

*  K*a*rium  sulphite  (compare  ethylene  d.sulphin.c  acid,  p.  300; 

4.  NITROGEN  DERIVATIVES  OF  THE  GLYCOLS. 

A.  Nitroso-com pounds-  r,ief.nes  and  nitrosyl  chloride  belong  in  this  group 

The  addition  product*  from  the  o.e 
,Co*Dpa re  the  terpene*). 
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Tetramethyl-ethylene-nitrosylchloride ,  (CH3)2C(NO)  .  CC1(CH3)2,  melting  at  1210, 
has  a  blue  color,  and  a  somewhat  penetrating  camphor-like  odor.  The  hydrocarbon 
in  hydrochloric-alcoholic  solution  is  mixed,  while  cooling,  with  sodium  nitrite  (B.  27, 

455 ;  R-  467)- 

B.  Nitro-compounds. 

Only  one  nitro-derivative  of  glycol— the  primary  body— is  known. 

Nitro-ethyl  Alcohol ,  glycolnitrohydrin,  CH2(N02) .  CH2 .  OH,  results  from  the 
interaction  of  glycoliodhydrin  and  silver  nitrite.  It  is  a  heavy  oil.  Nitro-isopropyl 
Alcohol ,  CH3 .  CH(0H)CH2N02,  boiling  at  1120  (30  mm.  ),  sp.  gr.  1.191  (i8°),is 
a  colorless  liquid.  It  is  formed  in  the  condensation  of  equimolecular  quantities  of 
acetaldehyde  and  nitromethane  by  means  of  alkali  (B.  28,  R.  606). 

1 .  yDinitropropane,  N02CH2 .  CH2 .  CH2N02,  is  the  only  known  secondary  nitro- 
body.  It  is  obtained  from  trimethylene  iodide.  All  other  dinitro-paraffins  contain  the 
two  nitro-groups  joined  to  the  same  carbon  atom.  They  are  derivatives  of  the  alde¬ 
hydes  or  ketones  (p.  158)* 


C.  Amines  and  Ammonium  Compounds  of  the  Glycols. 

There  are  two  series  of  amines,  derived  from  the  glycols,  and  corre¬ 
sponding  to  the  two  series  of  glycollates,  esters,  mercaptans,  etc. : 

'  HO.  CH2.CH2.OH,  HO  .  CH2 .  CH2 .  NH2,  and  NH2CH2 .  CH, .  NH2 
Glycol  Oxyethylamine  Ethylene  Diamine. 

Therefore  the  amines  of  the  glycols  break  down  into  two  classes: 
(1)  The  oxyalkylamines  and  their  derivatives ;  (2)  the  alkylen  diamines 
and  their  derivatives. 


(a)  Oxalkyl  Bases,  or  Hydramines  and  their  derivatives. — Methods  of  forma¬ 
tion:  (1)  Action  of  ammonia  upon  the  halohydrins;  (2)  by  the  union  of  ammonia 
and  alkylen  oxides.  In  these  two  reactions  the  products  are  primary,  secondary  and 
tertiary  oxyalkyl  bases,  e.g.  : 


CH, 


CH, .  OH 


£ pj  >0  +  NH3  =  Oxyethylamine  or  Amidoethyl  alcohol  (p.  124) 


CH, 


T  NH8  —  CH2(OH)  CH2>NH  Dioxyethylamine or Imidoethyl  Alcohol 


CH, 


,  ^  CH2(OH).CH2. 

3k„  ^>0  4”  NH3  —  CH2(OH) .  CHj— IN  Trioxyethylamine  or  Azoethyl  Alcohol. 
CH2(OH) .  CH2/ 


(3)  %  die  action  of  sulphuric  acid  upon  allylamine  with  addition 
o  water  (B.  16,  532),  or  by  evaporation  with  nitric  acid,  when 
vinylamine,  for  example,  yields  oxethylamine. 

u  1  -a  y  * lie  application  of  the  phthalimide  reaction  (p.  162).  Alkylen 
haloids  are  allowed  to  act  upon  potassium  phthalimide,  the  reaction- 
product  being  heated  with  sulphuric  acid  to  200-230°  : 


C«H,  {  c8>NCH8.  CH,Br-yC,H,  { 


COOH  ,  NH2CHjCHjOH 

COOH  +  HBr. 


The  dialkylic  oxyethylamine  bases  are  also  called  alkamines ;  their 
cai boxylic  esters,  the  alke'ines  (see  trope'in)  (B.  15,  1143)- 
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h_  frartional  crvsialluation  of  their  HC1- 
ltea^ah,l*^b^Sre  Taey  are  thick,  strongly  alkaline  liqnids,  "hich  ce- 


A^KrlALM  >• 

spatecd  by  the  ascal  ®«hods.  H  XH  CH  from  ethTlene  ch'or- 

*  “v-  Itu‘ 

fcs*-  boffi^  at  130-140'-  .  rH  .  bas  obtained  from 

S?5U;  & *>r f  £-£jf5^d£ 

■ekr  axphiBEfiaBe  (B.  27.  IM4)-  For  bomo.opes  and  alkainmes  cy 

sko^iv  rises,  see  B.  14,  1S76,  2406;  15,  «43 ;  28-  3“*  *»  ?***??*  choline 
7ae  rases  obtained  from  the  tertiary  amines  are  especially  interesting. 

3  >_*  of  them.  It  is  quite  important  physiologically. 


Choline,  Oxyetkyl  trimethyl  Ammonium  Hydroxide ,  Biline  urine, 

Siiua&n,  CiH*<xfcH3 ,  OH  lt  is  <luite  widel>'  distributed  in  the 

animal  organism,  especially  in  the  brain,  and  in  the  yolk  ot  egg,  in 
^~ch  it  is  present  as  lecithin ,  a  compound  of  choline  with  gl\  cero- 
phosphoric  acid  and  fatty  acids.  It  is  present  in  hops,  hence  occurs 
in  Deer.  It  is  obtained,  too,  from  sinapin  (the  alkaloid  of  Sinaptu 
fdba\  when  it  is  boiled  with  alkalies  (hence  the  name  sincalin).  It 
occirs,  together  with  muscarine ,  (HO)aCHCHsN(CHs)sOH(?)  (b.  27, 
166),  in  fly  agaric. 


History. — A.  Strecker  discovered  this  base  (1862)  in  the  bile  of  swine  and  oxen. 
*“  2ave  it  the  name  choline ,  from  xo/i 7,  bile-  Liebreich  obtained  it  from  protagon, 
a,  Pptitaent  of  the  nerve  substance^  and  at  first  named  it  murine,  from  vevpov,  nerve ; 
™f  ne  lapr  changed  to  bilineurine ,  to  distinguish  it  from  the  corresponding  vinyl 
which  continued  to  bear  the  name  murine.  The  constitution  of  choline  w  as 
eip-ained  by  Baeyer,  and  Wurtz  showed  how  it  might  be  synthetically  prepared  by 
^  acti°n  of  trimethylamine  upon  a  concentrated  aqueous  solution  of  ethylene  oxide : 


(CH^N  +  C,H40  +  H,0  =  (CH3)3N<CHs-  CH,.  OH 


Its  hydrochloride  is  produced  from  ethylene  chlorh)drin  and 

bimethylamine. 

Choline  deliquesces  in  the  air.  It  possesses  a  strong  a  'a  me 
lotion  and  absorbs  CO,.  Its  platinum  double  salt,  (CsHuONCl),  .  - 
,tCl4,  crystallizes  in  beautiful  reddish-yellow'  plates,  insoluble  in 
a*cohol.  See  B.  27,  R.  738,  for  choline  derivatives. 


Isocholine  CH  CHfOHl  -  N(CHS)..  OH,  is  obtained  from  aldehyde-ammonia 
\j16,  2.°7)-  Homocholine,  HO  .  CH, .  CH,  .  CH,N(CHs)sOH  (B.  22,  3331). 

Murine,  vinyl-trimethyl-ammonium  hydroxide , 


,  yT  XH  :  CH, 

(CHs)sN<oh 


C5H1sNO. 


..  This  base  resembles  choline.  It  is  very  poisonous 
W  decomposes,  or  upon  boiling  it  with  baryta  water. 


It  is  produced  when  cho- 
It  has  also  been  obtained 
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from  the  brain  substance.  It  occurs  with  the  ptomaines— alkaloids  of  decay 
poisonous  and  partly  non-toxic.  It  may  be  derived  from  the  bromide  corre,«E 
to  choline  (obtained  by  treating  ethylene  bromide  with  trimethylamine ,,  and  tbe  jodvie 
(resulting  from  the  action  of  HI  upon  choline;  when  they  are  subjected  to  the  actir* 
of  moist  silver  oxide : 


CH, .  OH 


A 


aHl 


;h2n(chs),oh 

Choline 


CII2I 

CH2N(CH,),I 


AfcO 

HjO 


coo 


Betaine,  Oxyneurine,  Lycine,  Trimethyl  glycocoll,  l  \  is 
.  CH ^ N  Cl  1 , , 

allied  to  choline.  It  is  obtained  by  the  careful  oxidation  of  choliDe 
(Liebreich,  B.  2,  13): 


CH2OH  20  t  COOH  — HjO  COO 

<--H2N(CH3)jOH  ^  d:H2N(CHJ)jOH  ^d:H2NT(CH,)r 

Its  hydrochloride  is  obtained  directly  by  synthesis,  when  trimethyl¬ 
amine  is  heated  with  monochloracetic  acid  (B.  2,  167;  3,  161^: 


(CHS)SN  +  CH2C1 .  CO .  OH  =  (CH,),^^,11*  •  c0  •  0H , 

and  on  heating  amidoacetic  acid  (glycocoll),  NH* .  CH, .  COOH,  with 
methyl  iodide,  caustic  potash  and  wood  spirit. 

Betaine  occurs  already  formed  in  the  sugar-beet  (Scheibler,  B  2, 
292  j  3>  I55)?  Beta  vulgaris ,  hence  is  present  in  the  molasses  from the 
beet,  and  makes  the  latter  valuable  for  the  obtainment  of  trimethyl¬ 
amine.  It  is  also  found  in  the  leaves  and  stalks  of  Lycium  barbarum , 
in  cottonseed,  and  in  malt  and  wheat  sprouts  (B.  26,  2151)-  ^  cxj^  ' 
lizes  with  one  molecule  of  water  in  deliquescent  crystals,  in  which  thc<e 
is  present  the  acid  HO  .  N(CHj)3  .  CH2 .  C02H.  At  ioo°  this  ammo¬ 
nium  hydroxide  loses  one  molecule  of  water,  and  the  cyclic  amm 

n,UmSal‘’AH,N(CH.).,iSpr°d“Ced- 

Diethyleneimide  Oxide,  Morpholine,  0<^1  -  is  prodoced  wbeo 

dioxyethylamine  is  heated  to  l6o°  with  hydrochloric  acid,  and  upon  distillation 
caustic  potash.  See  B.  22,  2081,  for  homologous  morpholines.  It  is  assumed  1 
the  same  atomic  grouping  exists  in  morphine  as  in  morpholine,  hence  the  name.  e 
Diacetone  Alkamine ,  (CH,'2C(NH2)CH2.  CH  .  OH  .  CH3,  boilingat  I74-J75  -  u 
formed  in  the  reduction  of  diacetonamine  (p.  219)  (A.  183,  290).  . 

(6)  Halogen  Alkylamines,  or  Haloid  Esters  of  the  Oxyalkylamines * 
the  free  state  these  bodies  are  soluble  in  water  and  not  very  stable.  They  easily  cbang 
to  salts  of  the  cyclic  imides,  r.  g. ,  chloramylamine,  ClCH2fCH2)tN H2,  become  r<«Dta' 

methyleneimide-  or  piperidine  chlorhydrate,  CH,  .  (CH,),  NH  .  H Cl.  Method. s  of 
formation  :  (i)  The  addition  of  a  halogen  hydride  to  unsaturated  amines,  like  v 
or  allylamine,  p.  169  (B  21,  ro55  ;  24,  2627',  3220).  ^ 

v2)  Uy  the  action  of  halogen  hydrides  upon  oxyalkylamines,  see  ncurin*,  p-  s-*?’ 
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:  was  ae  *3cy^ 

a.  222c;  23-  9°.!’  e-£-  ** 


HEr 


*KiO 


are  beared  «in  haloid  macs  (B.  «.  2005 ; 

>  W  +  &c,v  ca*SH>Blk: 


oPhtisalc  Aod- 


fi  Or  the  nitrile;  of  the  balogec  scbsdi^ed  adds  are  transposed  wrJi  soc 
'■j&Ls&jt,  ncacaL  and  then  heated  with  an  haa»d  add  (B.  24,  3231 ;  *5>  -Us)  - 

(3CH, .  CH,CH,CX  +  NaOC,Hs  =  C,HsO .  CH* .  CH,  CH,CX  -  Nad 
CjHjOCHJCHiCS  (^HjOCHj^CKj^CHjNHj  MlCIijfCHJjN  K  C - 

The  fcficwing  are  known  :  ___  _  _  ,  _ -  t> 

CkUr-  Aram-,  and  isd&etktlamix*,  ICH,  .  CHjNH. ;  7  , 

CH,.CH,.CHtNH,;  ^Brimhuiy-imbu,  *CH,CH,CHBrCH^ H, ; 

***u,  CH, .  CHC1 .  CH, .  CH,NH,  B.  28.  311 1); «»- 1 iUrAmtyiammu,  OCH.CH,  j 
t-CkUramj^mw,  OCH^CH,  tNH, ;  ^ 
drCH-LCHiCH,  CH,XH- ;  3  n  Pro?yl-i -< Alar- * -mmrrt^* »<r,  CH.Ojl 

-JHjXH,  i  B.  27,  3509 ;  28.  1197*.  Tbe  foor  last  bodies  spin  00  bydrocoiooc 
ad d  aad  jidd  tetjamethylece  and  pcniamttijtcoc  nxxidcs  (J*-  3*-*)’  w  P1^1^1  ^ 

3>«pecoii&e  and  ^^ropfipiprridine.  _  _ . 

0  Oxyethylamine  Derivatives  Containing  S nlpbur 
ton  ckUrhrdrau ,  HQ  .  XH, .  CH, .  CH,SH.  melts  at  70-7*°-  ™lo?rky?5  "  ' 
XH, .  CH, .  CHjy;,  boils  at  23I-2330.  DiamincetAj!  * 

(X14  CH|  CBLS  ,2HC1,  melts  a:  253=.  DiamhuxtAylsu^hcmt,  (>HiCH,'^V5 9f 
has  leta  prepared  from  bromethylplxthaiimkie  as  the  starting  -  -  “ 

11*38;  24,  1112,  2132,  3101). 

Taurine,  Amidoiscthionic  Acid ,  XH.  -  CH, .  CH, .  SO,H,  has 
already  been  discussed  under  isethionic  acid  (p*  3°®)’ 

.  f  )  Alkylen  Diamines. — The  di-,  like  the  mono-ya.-nt  ^-y  -;  ^o'darv.  and 
bj'irogen  atoms  in  two  ammonia  molecules  and  produce  pn  -  •  j 

These  are  di-aerf  bases,  and  are wkh 
1*rcct  onion  with  two  equivalents  of  acids,  borne  of  therefore  won  hr  of 

**  ptomaine,  or  alkaloids  of  decay  (B.  20,  R.  tamahylene  diamine  or 

****»  tetramethylene  diamine  or  putrescirUy  and 

formation :  (1)  They  are  prepared  by  hearing  the  alkylen  bromides  with  ako- 
ammonia  to  loo°  (p.  i6lj  in  sealed  tubes : 

C,H4Br,  +  2Nh,  =  2HBr 

Ethylene  Bromide  Ethylene  Diamine 

^  H  p  vu  vu/H«  •  »>XH  -  2HBr  +  2XHtBr 
2CJHtBr,  +  4>H,  =  NH<CH,  -  CH,^ 

Di  ethylene  Diamine 

„  /  £*2*  \  >'  2HBr  +  4XH4Br. 

3C,H4Br,  +  6NH,  =  N 

Trietbylene  Diamine. 

,  .  HBr-salts  is  distilled  with  k  JH 

Jo  liberate  the  diamines,  the  mixture  of  their  . 

the  product  then  fractionated.  ,  Drepararion  of  diamines  is  era.. 

(2)  Another  very  convenient  method  for  the  prepam 
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lion  of  (a)  alkylen  dicyanides  or  nitriles  (see  these)  with  metallic  sodium  and  absolute 
alcohol  (see  p.  162  and  B.  20,  2215):  ^°lute 


CN  CH.NH. 

I  +8H  =  | 

CN  CHj.NH, 

Dicyanogen  Ethylene 

Diamine 


h2.cn 


r-M 


CH, .  CH, . 

+  4H,=  I 


NH. 


(6)  By  the  reduction  of  the  oximes,  (c)  reduction  of  the  hydrazones  of  the  dial¬ 
dehydes  and  diketones,  and  (d)  by  the  reduction  of  the  dinitroparaffins. 

In  some  of  these  reductions  cyclic  imides  have  been  observed ;  thus,  in  the  reduc¬ 
tion  of  ethylene  cyanide  in  the  presence  of  tetramethylene  diamine,  tetramethylene 
imide  is  formed. 

(3)  From  dicarboxylic  amides,  bromine  and  caustic  potash  (B.  27,  511)  (p.  163). 

(4)  From  dicarboxylic  azides;  see  hexamethylene  diamine,  p.  313. 

(5)  From  alkylene  diphthalimides  on  heating  with  HC1 : 

C'H<  i  (2)c8>  N(ch2)SN<CO(i)  I  c6H4  >  HaNH^TH, .  CH2 .  CHjNHjHCl 

Trimethylene  Diphthalimide  Trimethylenediamine  Chlorhydrate. 


Properties. — The  alkylen  diamines  are  liquids  or  low  melting  solids  of  peculiar 
odor,  which  in  the  case  of  those  that  are  volatile  is  very  much  like  that  of  ammonia, 
and  recalls  piperidine.  They  fume  slightly  in  the  air,  and  attract  carbonic  acid. 

Behavior.  —  Alcohol  and  acid  radicals  can  be  introduced  into  the  amido-groups  of 
the  diamines  in  the  same  manner  as  in  the  amido-groups  of  the  monamines.  The 
production  of  the  dibenzoyl  derivatives,  g.9  C2H4(NH  CO  .  C6H5)2,  upon  shaking 
with  benzoyl  chloride  and  caustic  soda,  is  well  adapted  for  the  detection  of  the  diamines 
(B.  21,  2744).  Nitrous  acid  converts  them  into  glycols,  at  the  same  time  unsaturated 
alcohols  and  unsaturated  hydrocarbons  arise  (B.  27,  R.  197) 

further,  the  diamines  unite  directly  with  water,  forming  very  stable  ammonium 
oxides ,  which  only  give  up  water  again  when  they  are  distilled  over  caustic  potash 
(compare  pentamethylene  diamine) : 


CH,NH, 


£h2 


,  TT^  ch2nh3 


NH. 


+  h2o= 


CH, 


NH 


>0,  Ethylene  diamine  hydrate. 


By  the  exit  of  ammonia  they  pass  into  cyclic  imides. 

Ethylene  Diamine,  C2H4<JjJJ*,  melting  at  -(-8.5°,  boiling  at  116.5°,  com- 

bines  with  water  to  ethylene  diamine  hydrate ,  melting  at  -4-io°  and  boiling  at  H*>° 
It  reacts  strongly  alkaline,  and  has  an  ammoniacal  odor. 

^^l^°nVer^  lt  into  ethylene  °xide.  Ethylene  Dinitramine,  N02NHCH2 
CH2NHN02  (B.  22,  R.  295). 

Ethylene  diamine  and  a/3-propylene  diamine,  like  the  ortho-diamines  of  the  benzene 
series,  combine  with  ortho-diketones,  e.  g.,  phenanthraquinone  and  benzil,  to  form 
pyrazine  derivatives,  similar  in  structure  to  the  quinoxalines.  They  also  unite  w'1*1 
the  benzalclehydes  and  benzoketones  (B.  20,  276;  ax,  2358).  Consult  B.  27,  l663* 
for  the  action  of  CSC12  upon  ethylene  diamine. 

Diacetyl-ethylene  Diamine  consists  of  colorless  needles,  melting  at  I72°’ 
When  this  compound  is  heated  beyond  its  melting  point,  water  splits  off,  and  there 
o  ows  an  inner  condensation  that  leads  to  the  formation  of  a  cyclic  amidine  base,  closely 
a  t(?  t"C  Zfyoxahnes.  It  is  ethyl-ethenyl  amidine  or  methyl  glyoxalidine,  which 
under  the  name  Lysidine ,  m.  p.  105°  and  b.  p.  2230,  has  been  recommended  as  a 


nitrogen  derivatives  of  the  glycols. 


solvent  for  uric  acid  (B.  28,  1176)- 
diamine  derivatives  react  similarly : 


CH..NH.CO.CH, 

ch2.nh.co.ch3 

Diacetyl-diethylene 

Diamine 


The  corresponding  propylene-  and  trimethylene- 


CH2 .  NH\C  CHs  CHj  COjH 
CH2 . 

Ethylene-ethenyl 

Amidine. 


Propylene  Diamine, 


CH3.CH.NH2 

ch2.nh2 


,  boiling  at  119-120°  (B.  21,  2359),  has 


bTC£«  SSta? ES"!' .«*.  forms  a  d.m«ra.e,  which  is  sparingly 
soluble  (B.  28,  1180). 

Trimethylene  Diamine,  CH2<^q^2  boils  at  I35-ij^  (®*  x7»  l799  > 

2670).  It  has  been  prepared  by  general  methods  I  and  3  >  also  (2(^)  ^y  reduction  of 

I.3-dinitro-propane  (p.  159).  „  „  .  n  tt  /xru  \ 

Tetramethylene  Diamine,  [1.4 -Diaminobutane\  1  utrcscine>  i  8(- 
melting  at  270,  is  obtained  from  ethylene  cyanide  by  general  met  o  2(j>  *n 
succinaldehyde  dioxime  (p.  327)  (B.  22,  1970)..  It  is  identical  with  le /u  1 
(B.  2i,  2938),  which  has  been  isolated  from  decaying  matter. 

[1.4-Diaminopentane],  CH3CH(NH2)  .  CH2 .  CHj  .  CH2 .  NH2,  boiling  at  172 
is  formed  from  the  nitrile  of  pyroracemic  acid  according  to  method  of  iorma  1  * 

and £-[2.5- Diaminohexane] ,  CH3CH(NII2)CH2 .  CH2CH(NH2)CH3,  be >  ling 
at  ^S0*  are  formed  together  from  the  diphenyl-hydrazone  of  acetony 
(p.  324)  according  to  method  of  formation  2 c.  They  sustain  a  relation  o  ea 
similar  to  that  shown  by  racemic  acid  and  mesotartaric  acid  (B.  28*  379)* 

[1.4  D iam ino  -  2  -  M ethyl  Pentane],  CH3CH(NH2)CH2 . 
boiling  at  175°,  is  obtained  from  a  methyl -levulindialdoxime  (p.  298)  according 

method  of  formation  26  (B.  23,  1790).  .  n 

Pentamethylene  Diamine,  Cadaverine,  [  1  •  5  -Diaminopentane 

rH  /CH2 .  ch2  .  nh2 

ch*<CH,.CH2.  NHj’ 

If  gained  by  the  reduction  of  trimethylene  cyanide  by  method  Kientjcai 

boils  at  178-179°,  and  solidifies  in  the  cold  (B.  18,  2956  ;  19.  7  )•  22Ig  an<i 

'P^cadavetine  (p.  311),  a  ptomaine  isolated  from  decaying  corps  (  •  > 

V  forms  an  hydrate  with  two  molecules  of  water  (  *7’fi  u  ^and  meat,  is 

.  Neuridine,  C5HUN2  (B.  18,  86),  formed  by  the  decay  of  fish  and  me  , 

isomeric  with  pentamethylene  diamine.  rrH  -1  vii  melting  at 

Hexamethylene  Diamine,  [  1 . 6- Diamino  hexane],  N  £xamethyhne 

40°  and  boiling  at  192-195°  «  formed  in  the  decompos t.o .of  f bo^iling 
methane] [CH2]6[NHC02C2H5]2,  melting  at  84°,  which  results  uj 
e  suberic  acid  azide  with  alcohol  (B.  29,  IX^9)*  ,  .  t  uo  and  boiling  at 

,  ['■8;Diamino-octane],  CH2NH2[CH2]6CH. NH2,  melting :  *5*.^ 

3^  ,  is  obtained  from  the  amide  of  sebacic  add  byme  10  melting  at  61. 5° 

Mo-Dekamethylene  Diamine,  NH2CH2(CH2)8  *  •  2^  .  2a  method 

boiling  at  140°  (12  mm.),  results  from  the  nitrile  of  sebacic 

0  formation  (B.  25,  2253). 

1  rc  of  this  class  are 

3*  Cyclic  Alkylen  Imides. — Three  mern  perazine  or  hexa - 
especially  important:  (i)  ^^^f^Z^Te^ahydropyrrol /  and 
ydropyrazine ;  (2)  Tetramethylene  lmuU,;"  piperidine,  the  basic 
(3)  Pentamethylene  Imide,  Hexahydropyndtne,  ined  in  pepper, 

^composition  product  of. pipeline,  the  alkaloid 
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Methods  of  Formation.—  (1)  Upon  heating  the  diamine  hydrochlorides,  when 
ammonia  splits  off  as  ammonium  chloride,  e.g.  : 

I  I 

CIHNH2CH0CH0CH2CH0CH0NH2 .  HC1  =  CH2CH2CH0CH2CH2NH  .  HC1  +  NH4C1 
Pentamethylene  Diamine  Hydrochloride  Pentamethylene-imide,  I  iperidine. 

(2)  By  the  splitting-off  of  halogen  hydride  from  the  halogen  alkyl  amines— e.g., 
when  the  chlorhydrate  is  heated,  or  when  it  is  digested  with  dilute  caustic  potash 
(B.  24,  3231;  25,  415):  _ 

C1CH2CH2CH2CH2CH2NH2  =  CH2CH2CH2CH2CH2NH  .  HC1 

e-Chloramylamine  Piperidine  Hydrochloride. 


(3)  They  are  produced,  together  with  the  diamines,  in  the  reduction  of  alkylen 
dicyanides. 

CH 

The  simplest  cyclic  alkylenimide,  ethylene  imide,  NH<  •  2,  corresponding  to 

CH2 


ethylene  oxide,  is  not  known.  However,  piperazine ,  a  diethylene  diamide,  corre¬ 
sponding  to  diethylene  oxide  (p.  305),  diethylene  disulphide  (p.  299),  and  diethylene- 
imide  oxide  or  morpholine,  is  known  : 


n  Q/CH, .  CH2^c  a  XH„.  CH2xl,m  .CHr  CH2VWH 

°<CH;.Ch’>°  S<CH*.CH’>S  °<Ch‘.CH°>NH  NH<Ch’.Ch|>NH 

Diethylene  Oxide  Diethylene  Diethylene-imide  Oxide  Diethylene-diamine 

Disulphide  Morpholine  Piperazine. 


Diethylene  Diamine,  Piperazine ,  Hexahydropyrazine , 


NH<c5::c5i>NH- 

melting  at  104°  and  boiling  at  145— 146°,  was  first  prepared  by  the 
action  of  ammonia  upon  ethylene  chloride.  It  is  produced  by  heating 
ethylene-diamine  hydrochloride  (B.  21,  758),  and  by  the  reduction  of 

pyrazine ,  (B.  26,  724).  It  is  technically  made  from 

diphenyl  diethylene  diamine ,  the  reaction-product  of  aniline  and  ethylene 
bromide,  when  it  is  transposed  into  the  p-dinitroso-compound,  and  the 

atter  then  broken  down  into  p-dinitrosophenol  and  diethylene  dia¬ 
mine  : 


C«H6N<  [CH2]2>NC6H5^  NOC6H4N  <[ch^]2>  n-  c6h4no 


CH2.CH2>nH 

CH2.CH2 


Diethylene  diamine,  or  piperazine,  is  a  strong  base,  soluble  in 
water,  which  upon  distillation  with  zinc  dust,  changes  to  pyrazine 
(see  this)  (B.  26,  R.  441).  it  is  interesting  to  note  that  piperazine 
um  es  with  uric  acid  to  form  a  salt  even  more  readily  soluble  than  the 
lithium  salt  Hence  its  strongly  alkaline,  dilute  solution  has  been 
recommended  as  a  solvent  for  uric  acid  (B.  24,  241). 


Trim  ethylene  Imide,  CH2<^2>nh,  boils  from  66-70°  (B.  23,  2727)- 

Tetramethylene  Imide,  T'tmhydropyrrol,  Pyrrolidint,  ™’>NH’  b°i‘' 
mg  at  87°,  is  obtained  from  tetramethylene  diamine  according  to  method  of 


aldehyde  alcohols. 


3*5 


■  , .  from  (i-chlorbutylaraine  and  caustic  potash  by  method  2  (B.  24,  3231), 

<*  pyrroUne-  **  ^^7  p 

“„dof  succinimidt  (see  succinic  acid)  (B.  20,  2215) . 


f=CH>NH 

CH=CH 

Pyrrol 


2H 


ch2.ch2 

4-  I  2  >NH 
CH  =  CH 

Pyrroline 


ch2  .  ch2 

Pyrrolidine,  Tetramethylene 


Tetramethylene  imide  has  an  odor  resembling  that  of  piperidine. 
Tdramethykne-nitrosamine ,  C4H8NNO,  boils  at  2140  (B.  21,  290). 

CH, .  CH  .  CH2 

Methyl  Pyrrolidine,  I  >N,  boils  at  103°  (B.  20,  1654). 

CH2  •  L 02 

CH2.CH(CH3)  ,  , 

a-Methyl  Pyrrolidine,  I  >NH,  is  obtained  from  y-valerolactam. 

CH2  •  CH2  _  . 

It  boils  at  970.  1.4-Dimethyl  Pyrrolidine  boils  at  107°  (B.  22,  1059)* 

Pentamethylene  Imide,  Piperidine,  Hexahydropyridine, 


ch*<cS;:ch:>nh' 

boiling  at  1060,  is  obtained  according  to  methods  1,  2  (B.  25*  4*5)  an^ 
3  (p*  314)1  also  from  pi  peri  ne  (see  this),  and  by  the  reduction  ol  pyri¬ 
dine,  into  which  it  passes  when  it  is  oxidized  : 


CH— CIL 

CH?  V 


6H 


\ 


CH=CH 

Pyridine 


/ 


30 


CH 


/ 

!\ 


CH2 .  CH 
CH2 .  CH2 

Piperidine. 


2\ 

/ 


NIL 


Piperidine  bears  the  same  relation  to  pyridine  that  is  sustained  by 
Pjrrolidine  to  pyrrol.  Therefore,  tetramethylene  imide  and  penta- 
niethylene  imide  link  the  pyrrol  and  pyridine  groups  to  the  simple 
aliphatic  substances,  the  diamines,  and  their  parent  bodies,  the  glycols. 

The  pyrrol  and  pyridine  derivatives  will  be  discussed  later  in 
connection  with  the  heterocvclic  ring  systems,  togethei  \\ith  allied 
bodies,  and  then  we  shall  again  return  to  pyrrolidine  and  piperidine. 


2.  ALDEHYDE  ALCOHOLS. 

,  These  contain  both  an  alcoholic  hydroxyl  group  and  the  aldehyde  group  CHO 
h^ce  their  properties  are  both  those  of  alcohols  and  aldehydes  (p  189).  The 
additiun  of  2  H -atoms  changes  them  to  glycols,  while  by  oxidat.on  they  yield  the 

0xy-acids,  containing  a  like  number  of  carbon  atoms. 

(l)  Glycolyl  Aldehyde,  CH,(OH)  .  CHO,  may  be  considered  the  hrst  aldehyde 
of  glycol,  and  alyoxal  <p.  320)  the  second  or  d.aldehyde.  It  is  produced  when 
brom  aceialdehyde  is  treated  with  cold  baryta  water,  or  when  chloraeetal  ,s  heated 
with  very  dilute  acids  •  probably  also  from  dioxymaleic  acid  (?),  an  oxidation 
Product  3  tartaric  acid/ when  it  is  digested  with  water  at  50-60°  (B.  29,  R-  919)- 
It  is  only  known  in  aqueous  solution.  Bromine  water  oxidizes  it  to  glycoUtc  and 
(see  this)  and  dilute  caustic  soda  condenses  it  to  (etr.ise  (see  this)  (b.  25.  255^. 
2984) .  aldol.  Phenylhydrazine  acetate  produces  the  osazone  of  glyoxal  (p.  328). 


316 


ORGANIC  CHEMISTRY. 


aldIhh;d“°Wi"g  b0ditS'  ”'hiCh  ha'e  be“  **  <ieHmi.es  of  gW 


CHO 

CH2Cl(BrI), 
Monochlor- (brom-,  iodo-) 
Acetaldehyde  (p.  198) 


CH(OC,Hs), 

CHjCl(Br) 
Monochlor- 
acetal  (p.  200} 


chci2 

ch2oh 

Dichlorethyl 
Alcohol  (p.  125) 


CHQj 

(^HXl 


1 .2-T  richlor-ethane 
(P-  103). 


aceut^B.^lSO)011*011 '  CH  ‘  C*H^>  boiling  at  i67°,  is  obtained  from  brom- 

fr <1*^1 2k?  C>UK  CH*  •  CH(°  •  C’H^>  ^  at  l68°  is  obtained 

!,.  r  i'dlChu°rfther  (P-  135  )(B-5.  150).  Phenyl  Glycol  Acetal,  CH,0 .  CH, .  CH- 
u°‘-  S  at  25o7°  (B-  28’  R‘  295)-  Isotriethylin,  CH, .  CHfOQHj  .  Cli- 
.  t  r2’  t)ollin^  at  *0  (II  mm.),  is  formed  when  acrolein  is  digested  several  days 
with  alcohol  at  50°  (B.  24,  R.  89),  and  by  the  action  of  orthoformic  ether  upon 
acrolein  (B.  29,  2933).  r 


(  2)  Aldol,  CH3.  CH(OH)  .  CH2 .  CHO,  ft- Oxybutyraldehydc , 
boiling  at  60—70°  (12  mm.),  and  discovered  by  Wiirtz  in  1872,  is 
obtained  by  the  condensation  of  acetaldehyde  by  means  of  dilute 
cold  hydrochloric  acid,  and  other  condensation  agents,  e.  g.,  COjK* 
(B.  14,  2069  ;  24,  R.  89  ;  25,  R.  732). 

Aldol  freshly  prepared  is  a  colorless,  odorless  liquid,  with  a  specific 
gravity  of  1. 120  at  o°,  and  is  miscible  with  water.  Aldol  distils  in  a 
vacuum  undecomposed  at  ioo°  ;  but  under  atmospheric  pressure  it 
loses  water  and  becomes  crotonaldehyde . 

As  an  aldehyde  it  will  reduce  an  ammoniacal  silver  nitrate  solu¬ 
tion.  Heated  with  silver  oxide  and  water  it  yields  5-oxybutvric  acid, 

CH3.CH(0H).CH2.C02H. 

On  standing  it  polymerizes  into  paraldol ,  (C4H802)n  ,  which  melts  at  80-90°- 
Should  the  mixture  of  aldehyde  and  hydrochloric  acid  used  for  the  preparation  0. 
aldol  stand  for  some  time,  w’ater  separates,  and  we  obtain  the  so-called  dudd*1* » 
This  is  a  crystalline  body  which  melts  at  1 390  and  reduces  ammoniacal 
silver  solutions. 


NITROGEN-CONTAINING  DERIVATIVES  OF  THE  ALDEHYDE  ALCOHOLS. 

Ammonia  converts  aldol  in  ethereal  solution  into  aldol-ammonia,  C4Hs02  XHr 
a  thick  syrup,  soluble  in  water.  When  heated  with  ammonia  we  get  the  bases, 
CsHi3NT)  (oxytetraldin,  see  this)  and  C8HnN  (collidine).  With  aniline 
aldol  forms  methyl  quinoline.  (Compare  alkylide  anilines.) 

(I)  Amidoacetaldehyde,  [Ethanalamine'],  [2 -Amino-ethanal\* 
1  This  is  obtained  as  a  deliquescent  hydrochloride  when  anndo- 

tzcetal,  NH2  .  CHt(0  .  C2H5)2,  boiling  at  163°,  is  treated  with  cold,  concentrated  hydro¬ 
chloric  acid.  Amido-acetal  is  produced  when  chloracetal  is  treated  with  ammonia 

(B.  25,  23555  27,  3°93)-  Amidoacetaldehyde  yields  pyraziney  N — - 

(B.  26,  1830,  2207).  ■when  it  is  oxidized  with  sublimate. 

Hydrazide  Acetaldehyde  (B.  27,  2203). 

Betaine  Aldehyde,  (CH,)SN .  CH,  .  CHO  .  OH  (?)  (B.  27,  165).  is  different  from 
Muscarine  (p.  309),  which  occausin  fly  agarjc  (/f 

„ i!Trinit  °,'  CHV  CH(OH)N(CH,)sCH  (?),  is  obtained  from  the  addition 
product  of  ClOH  and  neunne  (p.  309)  with  silver  oxide  (A.  267,  253,  291). 


saturated  ketols. 


317 


a*,  2273)'' 


Piper  idkK 


2-A  midovaLrald  eh  y  de  2  Tetrahydropyridine. 


3.  KETONE  ALCOHOLS  OR  KETOLS. 

The  ketone  alcohols  or  ketols  are  distinguished,  according  to  the 
position  of  the  alcohol  or  ketone  groups,  as  a-  or  1.2-,  P~  or  i-3">  Y~  f  jr 
f .4'ketoltt,  etc.  The  position  of  these  two  groups  with  reference  o 
each  other  influences  the  chemical  character  of  these  bodies  more 
than  the  kind  of  alcohol  group  (whether  primary,  secondary,  or 
tertiary).  These  alcohols  show  simultaneously  the  character  of  a  co- 
holi  and  of  ketones. 


A.  8ATURATED  KETOLS. 

11  or  1  2  Ketols  yield,  with  phenylhydrazine,  osazones  of  1. 2-aldehyde  ketones  or 
^'hkelone*  (see  glucoses).  .  ..  . 

Atetyl  Carbinol,  pyroractmie  alcohol ,  acetone  alcohol ,  oxy  ace  tone,  rnethytketoi, 

|  Propanolon ],  Cl  I, .  CO .  Ci LOl  1,  boiling  at  145-15°°-  >s  a  colorless  oil  with 
11  *«Me,  peculiar  odor.  It  is  produced  when  water  and  freshly  precipitatec  larm 
' arl.onatf  act  u|*,n  chloracetone  (It.  24,  K.  726) ;  also  upon  fusing  cane  and  grape 
l"ff  wiili  caustic  potash  (It.  16,837).  Acetol  and  its  ethers,  when  in  solution, 
“w* »wllo# copper  solutions  (B.  13,  2344).  .  _  . 

I,t  ’o  ft^!  f,^tr  *'"'**  1,1  I2H°  ( A.  269,  14  ;  B.  27,  R.  79^)-  ^  he  acetyl  es  er  >  > 

*?*  ’  The  benzoyl  etter  melts  at  240.  r<r,tn1 

<h'»yl  Acetol,  ( :.}  10  .  CI  1, .  CO .  CI  l„,  boils  at  230°  (B.  28, 1253).  EtMKeto, 

[i  h-W.CHjOlf,  iJoiling  at  155-156°,  is  produced  when  tetnmc  acul  (see  this) 

1  "'»M  with  water  to  2oo°  (B.  26,  2220;  A.  288,  19).  ,  •  1  /_  2I7\ 

-hlor-,  hrom  ,  and  iodo-acetonc  are  the  haloid  esters  of  acety  are  reduced 

or  1  2-riiltf lnnr*K.  diacetvl  and  acetyl  propionyl  (p.  3  )j  ‘  t. 


i >r oh)  ,  and  iodo-acetonc  are  the  haloid  esters  oi  “  ' 

2fn.lh««  or  1.2-diketones,  di acetyl  and  acetyl  firopionyl  { P;  3«). 

(w  '  w»c  and  sulphuric  acid,  the  two  ketone  alcohols  corresponding  to  benzol 
^Ii/rfrtci  nr**  Ml.  22.  2214:  23.  2425)  _  _ ^nu/AU 


i.COCH(OH)CII„ 

l„  boils  at  77°  (35 

»  ).  Homologous  ncetoh,  R  .  CO  . CH.OI  I,  havebeen  prepurea  j"  the,r 

,,7"  from  the  ludogen  derivatives  of  alkylized  acetoocetic  esters  (■ »•  2I’  *  Jat  irated 
.  IX  utyryl  and  hi  wrvaleryt  were  described  ...connect  £  “  unEturated 

l|ycoU.  These  are  compound  which,  upon  saponification,  do  r  y  - 

I7C0I1,  but  their  isomeric  a  or  i.a-kclone  alcohols i 

C,H,CO 

this  rearratiKcs  I 

Itself  to  C,11,CH.OH. 


CH,CII,CI1,.C  —  OCO.C.H,  koi  1  C,l I,f ■  —  OH  . 


0,11,0  —  011 


(  ’ll, ui  1,011,./:  —  oco.o,H, 

1, «  ,11/ •( ><ll(< ***“»  at  (R ‘aJlTayT)"’ 

•  ‘  f1  ‘-‘s’*  ’  ‘  ulZ,\ 1  wl ill  ": ,mer»t.«le5d  cuusti.  potash  and  air.  h'P>opyl 
Z° ldy!oUi,  AM,  (CtUu)iU(OH)OOtU  (compare  bensotn)  result. 


Butyroln, 
Valaroln, 

When  these  ... . 
Hid  hi  ilobutylgl) 
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/3-  or  I^-Keto’s. — By  the  aldol  condensation,  acetaldehyde  and  chloral,  to¬ 
gether  with  acetone,  yield  the  two  ketols :  hydraceiyl  acetone^  CHS .  CH(OH) .  C1I2 .  - 
CO  .  CH3,  boiling  at  176-177°,  and  chloral  acetone ,  CClsCH(OH) .  CH2 .  CO.  CH3, 
melting  at  75-76°  (B.  25,  3165  ;  26,  354,  908).  Diacetone  Alcohol ,  (CH3)2C(OH)- 
CH2.COCH3,  also  belongs  in  this  group.  It  boils  at  164°,  and  results  from 
diacetonamine  (p.  219)  by  the  action  of  nitrous  acid.  The  /?-  or  1.3 -ketols  lose 
water  and  pass  into  unsaturated  ketones  (p.  221),  y-  or  1.4 -ketols  and  d-  or  1.5- 
Ketols.  Representatives  of  these  ketol  classes  result  from  the  products  arising  in 
the  action  of  ethylene  bromide  and  trimethylene  bromide  upon  sodium  acetoacetic 
ester  ;  when  bromethyl  and  brompropyl  acetoacetic  esters  are  boiled  with  hydrochloric 
acid  (B.  19,  2844;  21,  2647  ;  22,  1196,  R.  572): 


C02 .  C2H5 


2H0O 


CH3COCH  .  CH2 

Bromethyl-acetoacetic  Ester 


CH2Br 


co2 

CH, . CO . CH 


C2H5 

CH2 .  CH2 .  CH2Br 


2H20 


"CH, 


CH, 


Brompropyl-acetoacetic  Ester 


co2  +  c2h5oh 

.  CO .  CH2 .  CH, .  CH2OH  +  HBr 

Acetopropyl  Alcohol 

co2  +  c2h5oh 

. CO . CH2 . CH2.CH2 .  CHjOH  +  HBr 

Acetobutyl  Alcohol. 


(1)  /?- Acetopropyl  Alcohol ,  CHS.  CO.  CHa .  CH2  .  CH2OH,  boils  at  ~oS 

deC(°2 ™V°-A™obutyl  Alcohol,  CH3 .  CO .  CH2 .  CH2 .  CH2 .  CH2OH,  decomposes  about 

"  These  compounds  when  heated  give  off  water  and  become  oxides  of  die  un  f 

glycols  (p.  298).  Both  ketone  alcohols  fail  to  reduce  an  amtn,°"'a  rarboxylio 
solution,  but  when  oxidized  with  chromic  acid  yield  the  correspon  '  S  -e|j  the 
aci<ls  :  lievulinic  acid  (see  this)  and  y-acetobutyric  acid  (see  this).  •>  reduced- 

corresponding  glycols,  y-pentylene  glycol  and  6 -hexylene  glycol,  "  (_-q  CH,  ■  - 
Hydrobromic  acid  converts  them  into  brompropyl-methy l  ketone,  3  \ .  gr  boil- 
CH2  .  CH2Br,  and  brombutyl-methyl  ketone,  CH3CO  .  CH2  .  CH2  •  C  *  ■  .^icj’s  (B- 

ing  at  2l6°.  These  bromides  are  converted  by  ammonia  into  ring  snai  aliphatic 

25,  2190),  similar  to  the  y-diketones  (p.  324)-  This  reaction  links  t  eoP 
compounds  with  the  pyrrol  and  pyridine  derivatives : 


CH2  .  CO  .  CH3 
CH2CH2Br 

CH  <CH2 .  CO  .  CHj 


NH, 


CFI=C>NirCH3 

i-Melhyl-diliydropyrrol 


NHS 


'CH 


CH2Br 


->  CH,< 


CH  =  C 


>NH 


CH. 


*^CH2—  CHs 

Tetrahydropicoline. 


B.  UNSATURATED  KETOLS,  OXYMETHYLENE  KETONES.  ^ 

Compounds  of  this  class  are  obtained  from  the  ketones  R  .  CO  .  CH.  an<^JrV  prob- 
CH2R/,  together  with  formic  ester  in  the  presence  of  sodium  ethylate  It  '  2 3i)» 

able  that  at  first  the  sodium  compound  of  diethyl  orthoformic  acid  is  formec 
which  is  transposed  by  the  ketone,  and  w’ater  is  split  off: 


HC 


/O.C2H5 


c-H‘ON%  <cha-»  CH. .  CO .  CH=C«ON. 

^O  \ONa 

These  bodies  were  at  first  thought  to  be  /3-ketoaldehydes. 


thcif  pr® 

These  bodies  were  at  first  thought  to  be  /?-ketoaldehydes.  However,  ^yj^fie 
nounced  acid  character  has  shown  that  they  should  be  regarded  as  oxym  *  35, 
ketones,  acivinyl  alcohols  (Claisen,  B.  20,  2191  ;  21,  R.  QI5  *  22»  533*  3  * ecu 

1781).  They  dissolve  in  alkaline  carbonates,  forming  stable  salts,  anc»  S1'  .  and 

colored  precipitates  with  copper  acetate  (B.  22,  1018).  Acetic  anhyt  ru 
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benzoyl  chloride  converts  them  as  readily  in  a  free  state  as  the  phenols  into  neutral 
acetates  and  benzoates,  insoluble  in  alkalies.  Their  alkali  derivatives  and  ethyl  iodide 
yield  oxyethyl  ethers ,  which  are  saponified  by  alcoholic  alkalies,  like  the  ethers  of 
organic  carboxylic  acids.  These  compounds,  — CO  .  CH  =  CH  .  OH,  are  the  first 
exceptions  to  the  rule  of  Erlenmeyer  (p.  53),  according  to  which  the  complex 
j>C  =  CHOH  present  in  open  chains  must  invariably  rearrange  itself  into  the  aldehyde 
form  >CH  .  CHO.  It  is  shown,  on  the  contrary,  that  when  an  hydrogen  atom  of 
the  methyl  or  methylene  group  in  acetaldehyde  or  its  homologues,  R  .  CH2  .  CHO, 
is  replaced  by  an  acid  radical,  a  rearrangement  of  the  aldehyde  form  into  the  vinyl 
alcohol  form  is  sure  to  follow  (B.  25, 1 781). 

In  conjunction  with  this  explanation  it  may  be  mentioned  that  the  alkyl  oxy- 
methylene  group — e.  g.,  C2H5O.CH= — may  be  introduced  by  means  of  ortho- 
formic  ester  and  acetic  anhydride  into  compounds  which  contain  the  atomic  grouping, 
— CO.CH2.CO  (B.  26,  2729),  e.  g.,  into  acetyl  acetone,  acetoacetic  ester  and 
malonic  ester.  The  compounds  which  result  will  be  described  subsequently  in  their 
proper  places. 


Oxy methylene  Acetone  (formerly  called  formyl  acetone ,  acetoacetic  aldehyde),  CII3- 
U).CH  =  CHOH,  boils  at  about  ioo°,  and  readily  condenses  in  solution  to  [1.3.5]- 
tnacetyl benzene,  C6H3[i.3.5-](CO  .  CH3)3  (see  this).  Hydrazine  converts  it  into 
3-methyl  pyrazole,  and  phenylhydrazine  into  i-phenyl-3-methyl  pyrazole  (see  this). 
^y^thylene-diethyi  ketone,  C2H6CO .  C(CH3)  =  CHOH,  melts  at  40°  and  boils  at 


NITROGEN-CONTAINING  DERIVATIVES  OF  THE  KETONE  ALCOHOLS. 

tr  - 1  \  ^  Amidoketones  of  the  paraffin  series  are  obtained  by  the  reduction  of  isoni- 
oso  etones  with  stannous  chloride  (B.  27,  1037).  Amidoacetone,  CH3  .  CO  .  CH2- 
'  2»  is  a  brown,  thick  oil.  AmidoproPylmethyl  ketone,  CHsCOCH(NH.)C2H5,  is 

an  oil  which  solidifies  to  a  crystalline  mass. 

uiacetonamine,  (CH3)2C(NH2)CH2  .  CO  .  CH3.  Compare  p.  219.  These  com- 
P  unas,  oxidized  with  sublimate ,  yield  pyrazine  derivatives  ;  thus,  amido-acetone 

parses  into  N— — ~ - -~N,  dimethylpyrazine  (B.  27,  R.  928).  The  pyra- 

«,  ke tines  or  aldines  will  be  treated  along  with  the  heterocyclic  compounds.  The 
>arochlorides  of  the  a-amidoketones  are  easily  transposed  by  potassium  cyanate  into 
1042  °lon£'  an<*  by  potassium  sulphocyanide  into  imidazolylmercaptans  (B.  27, 

V'alkylamidoketones  have  been  prepared  in  great  number  by  the  interaction  of 
CHoracetone  and  secondary  amines:  Dimethylamido- acetone,  (CII3)2N .  CH2  .  CO  . - 
3  boils  at  123°,  while  Diethylamidoacetone  boils  at  155°  (B-  29>  866). 

,  l1  B)  Unsaturated  3- Amidoketones  have  been  obtained  from  acetyl  acetone 
b'  323)  by  the  action  of  ammonia,  primary  and  secondary  alkylamines  (B.  26,  R. 
90).  Acely/acetonamine,  Cll, .  CO  .  CH  =  C(NHj)CH3,  melts  at  43  and  boils 
,  2o9°.  Acetyl-acetone-ethylamine  CHS .  CO  .  CH  =•  C(NHC2H5)CI13,  lx»ils 
?  210-215°,  Acetyl-acetone  diethylamine,  CH3.  CO .  CH  =  CN(C2U512  .  CH3, 
“oils  at  1550  (24  mm  ) 

n  (2)  Isoxazoles  the  anhydrides  of  the  oximes  of  unsaturated  /3-oxyketones  and 
P  oxyaldehydes  will  be  subsequently  treated  together  with  the  oximes  of  the  alde- 

ketones  and  the  diketones  (p.  325).  . 

,  3)  a-Halogenketoximes  are  produced  by  the  action  ,of  byBroxylamme  upon  mono- 

halogen  acetones  (p  216).  Chloracetoxime,  CH2C1 .  C:  N(OH) .  CH3,  boils  at  71° 
19  mm.);  bromacetoxime  melts  at  36°,  while  lodoacetoxxme  melts  at  64°  (II.  29, 
*550). 

(4)  Alkylen  Nitrosates  and  Nitrosites,  produced  by  the  action  of  nitrogen 
tetroxide  and  trioxide  upon  alkylens,  are  nitrogen-containing  derivatives  of  the 
a'ketols  (A.  241,  288;  245.  24*  »  248.  161  ’>  B-  20,  K.  638;  21,  R.  622),  e.  g.  .• 
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(CH3)2C 

II  - 

ch3ch 

0-Isoamylene 
Trimethyl  Ethylene 


NoO 


2U4 


^(CH3)2C.0N02 

CH,C=NOH 

Isoamylene  Nitrosate, 
m.  p.  970 


n2o, 


(Chs)*CONO 

CH3 .  C  =  NOH. 

Isoamylene  Nitrosite. 


(CH,),C 

I 


-ONO, 


CH3C  =  NOH 


CcH6NH2  ^  (CH3)2C  —  nhc6h5 

ch3c  =  noh 

Amylene  Nitroaniline 

m.  p.  131° 


h2°  ^CH^C  —  NHCjHj 

CHjC  =  O 

Amylene  Ketoanil ide. 

amy°en?niTro2ten  anrf' f‘r0<1“,keS  cyanogen  group  for  the— 0X0,  group  of  the 
nX  at  0,0  atd  h?  ifro?  the  .n,,nl' “  ox'me  acid  may  bo  prepared  The  laller 
would  clear  up  .he  con^^onta^*!  '°elh5'1  ‘SOpr°Pyl  ke‘°Xi,”'> 


(CH3)2C.0N02 

CHSC  =  NOH 
0-Isoamylene 
Nitrosate 


(CH3)2C.CN 

CH3(i  =  N0H~ 
Isoamylene 
Isonitrosocyanide 


(CH3)2C.C02H 

CH3(!:=Noir 

Ketoxime-dimethyl 
Acetoacetic  Acid 


fCH3)2CH 

ch3c!=noh. 

Methylisopropyl 
Ketoxime. 


(see  these )^°Sate  nitros*te  reactions  are  important  for  some  of  the  terpenes 

uniaturafeT^oxykitoL^ n*tr<?2en'containing  derivatives  of  the 
phenylhydrazine  \aee  above*).  3  8  ’  ^  “*  obta,ned  from  these  and  hydrazine  or 


iUEo, 

i  n  T  85  Debus”  dialdehyde  of  the  fatty  series  is  glyoxal,  discovered 

th^dklSh  ,0xal?ld<fhyde  [Ethandial],  Diformyl,  CHO .  CHO,  is 

aldehvde  (u  6  °\  Ct  y  ene  S^yc°l  and  oxalic  acid,  while  glycolyl 

clvcol  and  ^eIjresents  the  first  or  half  aldehyde  of  ethylene 

glycol  and  the  aldehyde  of  glycollic  acid  : 


CH2OH 


C^H, 


2OH 
Glycol 


CHO 

CHO 

Glyoxal. 


CH.OH 

c:ho 

Glycolyl  Aldehyde  Glyoxal. 

oxfdTttongof ^1! ^  aCldi  an<!  glyoxylic  a<=id  are  formed  in  the  careful 

or ,^^tal?lehwlA^^fvf  g!y<r°^  ethyl  alcohol  (B.  14,  2685  ;  17,  R.  168), 

poslnl fts  ,nH  Wltl?fn,tr’c  ac'd-  It  may  also  be  prepared  by  trans¬ 
posing  us  sodium  salt  with  sodium  bisulphite  (B.  24,  3235). 

tile  mass.  PIt  deliquesces* in °the *a£  gI^Xal  ,s  °htained  as  an  amorphous,  non-vola- 
In  this  condition  it  probably  represents  a  Yvdr  .SoIable  in  both  alcohol  and  ether, 
and \  dimethyl  glyoxal  (p.  322)  are  very  volatile^  (p.  321) 

Deportment:  The  alkalies  convert  it,  even  in  tL  l?)'  •  , 

n  Cold,  into  glycollic  acid 


In 
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is  reduced,  while  the  other  is  oxidized  (compare 


this  change  the  one  CHO  group 

benzil  and  benzilic  acid) : 

i  +  HjO  = 

CHO  2 


CHaOH 

CH2OH. 


As  a  dialdehyde  it  unites  directly  with  2  molecules  of  primary  sodium  sulphite, 
forming  the  crystalline  compound,  C2H202(S03HNa)2  H20.  This  bisulphite  is 

readily  transposed  by  primary  and  secondary  amines,  with  the  production  either  of 
derivatives  of  glycocoll  or  indolsulphonic  acids  (B.  27,  3258).  It  also  reduces 
ammoniacal  silver  solutions. 

Concentrated  ammonia  yields  two  bases  with  glyoxal :  Glycosin, 


CH— *NH\  /NH — CH 

11  V— cC  11 

CH  —  —  CH 


(B.  20,  R.  431), 


and  in  larger  quantity,  Glyoxaline,  C3H4N2,  the  parent  substance  of  the  glyoxalines 
(oxalines)  or  amidazoles  (/3-diazoles)  (see  these). 

For  their  deportment  with  o-phenylenediamine  compare  the  a-diketones,  page  322. 

Glyoxime,  page  327.  Glyoxalosazone,  p.  328.  Glyoxal  and  urea  form  a 
diurelde  called  glycoluril. 

Nucleus-synthetic  Reactions. — Formic  aldehyde  and  acetaldehyde  unite  with 
hydrocyanic  acid  to  form  the  nitriles  of  glycollic  and  lactic  acids  respectively. 

lyoxal  in  the  same  manner  combines  with  prussic  acid  and  becomes  the  nitrile  of 
racemic  acid.  Consult  B.  21,  R.  636,  for  the  condensation  of  glyoxal  with  malonic 
ester  and  acetoacetic  ester. 


Orfttnal  1  j-  CH2 . 0  .  CH  .  O  .  CH, 

rtflojyoxal  diethylene  ether,  1  1  1  ,  melting  at  1340,  is  pro- 

j  . ,  t  CH2 .  O .  CH .  O .  CH2 

Oth  ^  jeact'on  °f  hydrochloric  acid  gas  upon  glycol  and  glyoxal  (B.  28,  R.  321). 
r  ,er  "dehydes  of  saturated  dibasic  acids  are  not  known.  y-Butyrolactone  was 
er  y  thought  to  be  the  dialdehyde  of  succinic  acid, 
by  ~£rom:malelc  aldehyde,  OCH  .  CBr :  CBr  .  CHO,  melting  at  69°,  has  been  formed 
e  action  of  bromine  water  upon  /3y-dibrompyroracemic  acid  (A.  232,  89). 

SDonH-6  ox’In®s>  hydrazones,  and  osazones  will  all  be  treated  together  with  the  corre- 
lng  derivatives  of  the  aldehyde  ketones  and  diketones  (p.  325). 


5-  KETONE  ALDEHYDES  or  ALDEHYDE  KETONES. 

CO^o-cemic  Aldehyde,  Acetyl  Formyl,  Methyl  Glyoxal  [Propanalon] ,  CHS  .  - 
ac  j  >s  a  yellow  volatile  oil,  obtained  by  boiling  its  monoxime,  isonitroso- 

ftk°.ne  326),  with  dilute  sulphuric  acid.  The  bodies  formerly  supposed  to  be 

Cll  °pC  a^debydes,  which  were  also  called  formyl  ketones,  e.g.,  formyl  acetone 
for  3  ‘  have  been  found  to  be  unsaturated  ketols ;  they  have,  there- 

e>  been  already  discussed  in  connection  with  the  saturated  ketols. 


6.  DIKETONES. 

.  ^he  relative  position  of  the  CO-groups  determines  them  to  be 
e‘ther  a-  or  1.2-diketones,  /3-  or  1.3-diketones,  y-  or  1.4-diketones,  etc. 


,  Tbey  have  been  regarded  as  diketosubstitution  products  of  the  paraffins,  hence 
ltle  name.  The  “Geneva  names”  contain  the  syllable  “  di  ”  between  the  paraffin 
nan>e  and  the  ending  “on”;  thus  [Butandion]  for  CHS  .  CO  .  COCH3.  The 
a  diketones  are  most  generally  designated  as  compounds  of  two  acid  radicals,  e  g 
aiacetyi  for  CH.CO .  CO .  CH,;  the  /3-diketones  as  monoketones  containing  acid 
radicals,  e.  g.,  acetyl  acetone,  CHS  .  CO .  CH2 .  CO .  CH3. 
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dra?„e..di t£?“,  Spared  -  *«, 

out  material  for  the  obtainment  of  the  a-diketones  5.r.’h^on!,tltute  the  chief  starting, 
tives  of  the  diketones,  the  aldehyde  ketones  and  A'  ''ogen -containing deriva- 
importance,  will  be  discussed  after  the  diketones-  ^  y  CS’  because  of  their 

(i)  a-Diketones  or  1.2-Diketones. 

^2erie^tbar^'*?^a^Pb^™a^'r(^^c^man'n)^(B.S^,tr32i3e-t0rieS,i4n^°22n^27e 

-  ai“  fo“»  ^ 

vel/nw  '1°  ^"^distinction  to  the  colorless  aliphatic  monoketones  are 

yel  ow  volatile  hqmds  with  a  penetrating  quinone-Iike  odor. 

1  ?  •  f  r  ( '  e^ones  are  characterized  and  distinguished  from  the  B-  and  y-ketones 

>y  eir  a  1  ity  to  unite  with  the  orthophenylenediamines  (similar  to  glyoxal).  In 
this  way  they  are  condensed  to  the  quinoxalines  (see  these)  : 


C6H4 


/NH2 


CO.  R 


/ 


N :  CR 


NIL  CO • R 


=  C,H'  1  +2h2o. 

XN:CR 


All  compounds  containing  the  group — CO.  CO — ,  e.  g.,  glyoxal,  pyroracemic 
id,  glyoxylic  acid,  alloxan,  dioxytartaric  acid.  etc.,  react  similarly  with  the 


- wuvuiiuiig  ujv^  gi  #  -  y 

acid,  glyoxylic  acid,  alloxan,  dioxytartaric  acid,  etc.,  react  similarly  w 
o-phenylenediamines.  (2)  The  glyoxalines  are  the  products  of  the  union 
a-diketones  with  ammonia  and  the  aldehydes: 


of  the 


CII3 .  CO 


CH.C — NH. 

CH, .  CO  +  2NH>  +  CH*  • CH0  =  CII,<?_N>C-  CH‘  +  3H,°- 
(3)  Nucleus-synthetic  reactions: 

a- Diketones,  containing  a  CH2-group,  together  with  the  CO- group,  sustain  a  rather 
remarkable  condensation  when  acted  upon  by  the  alkalies.  Aldols  are  first  produced, 
and  later  the  quinones  (B.  22,  2215  ;  28,  1845)  : 


CH3.CO.CO.CH3  CH3.C(OH).CO.CHs  CHj.C.CO.CH 

yield  I  and  II  \  rH 

CH3.CO.CO.CH3  CIL.CO.CO.CH3  CH.CO.CXH5. 

2  Molecules  Diacetyl  Diacetyl  Aldol  p-Xyloqum 

(4)  Diacetyl  and  prussic  acid  yield  the  nitrile  of  dimethyl  racemic  acid  (see  gty 
oxal)  (B.  22,  R.  137).  .  (hvi 

Diacetyl,  CH3  .  CO  .  CO  .  CH3,  Diketobutane,  Dimethyl  diketone,  dimei^ 
glyoxal  [Butandion],  from  isonitrosoethylmethylketone,  has  also  been  obtain  ^  ^ 
oxalyldiacetic  acid  (ketipic  acid)  by  the  splitting-off  of  the  carboxyls  upo 
application  of  heat  (B.  20,  3183),  as  well  as  by  the  oxidation  of  tetrinic  aci  l  ^ 
this)  with  KMn04  (B.  26,2220;  A.  288,27).  It  is  a  yellow  liquid,  wit  a 
like  that  of  quinone.  It  boils  at  87-89°.  .  tflcSiuffl 

Tetrachlor-diacetyl,  CHCJ2  .  CO  .  CO  .  CHC12,  results  in  the  action  of 
chlorate  upon  chloranilic  acid  (together  with  tetrachloracetone,  p.  217b 
at  84°  (B.  22,  R.  809;  23,  R.  20).  ataretvl* 

Tetrabrom-diacetyl  (CIIBr2.CO)2  (B.  23,  35)  an.d  Dibrom- 

(CH2Br.  CO)2,  are  produced  by  the  action  of  bromine  upon  diacetyl.  7_nentan* 
Acetyl-propionyl,  C2II6.  CO  .  CO  .  CH3.  M  ethyl  -  ethyl  -  dike  tone,  ^  3  P^ 
dion],  from  isonitroso-ethylacetone,  condenses  to  duroquinone.  it  »  Acetyl- 

Acetyl-butyryl,  [2  3-Hexandion],  C,H7 .  CO  .  CO .  CH,,  tots****-,  (CH,V 
iso-butyryl,  (CH,),CHCO  .  CO .  CH„  boils  at  1150.  cHCH  CH,CO- 

CHCHjCOCOCH,,  boils  at  138°.  Acetyl  Iso-caproyl ,  (CH,),t.nv.  a 
COCII3,  boils  at  163°  (B.  22,  2117;  24,  3956). 
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MMone  Dichlorides  result  in  the  action  of  hypochlorous  acid  upon  alkyli7.ed 
acetylenes  (p.  97).  according  to  the  equation  : 

CjII5.  c  :  C .  CII,  +  2C10II  =  CaII6 .  CCla .  CO .  CH,  +  IIaO. 

Meth yl-a-  dich  lor  propyl  Ketone ,  CaH, .  CCla .  CO .  CH„  boiling  at  138°,  yields 
methyl  n  propyl  ketone  on  reduction  ;  with  a  potash  solution  it  forms  duroquinonc, 
angelic  acid  (p.  283),  and  a-ethyl  acrylic  acid.  The  two  acids  result  from  an  intra¬ 
molecular  atomic  rearrangement  which  recalls  that  of  the  formation  of  benzilic  acid 

from  benzil  (p.  54)-  .  .  .. 

(2)  ft-  or  1.3-Diketones  are  produced  according  to  two  nucleus-synthetic  reac¬ 
tions:  (I)  Like  the  oxyrncthylene  ketones,  by  the  interaction  of  acetic  esters  and 
ketones  in  the  presence  of  sodium  ethylate,  or,  better,  metallic  sodium  (Claisen,  B.  22, 
1009;  23,  R.  40).  It  is  very  probable  that  the  formation  of  a  sodium  derivative  of 
orthoacetic  acid  precedes  the  condensation.  Compare  oxymethylene  ketones  (p. 
318)  and  acetoacetic  ester  (see  this)  : 

yOCaHs  /OCaII6 

CII3C^  +  CaII5ONa  =  CII,C^OCaII5 
^0  vONa 

yOCjH.  „ 

CHj—OCjIIj  +  JJ>CHCOCH.  =  CII,C(ONa)  =  CH .  CO .  CII,  -f  2CaII6OH. 

^ONa  11 


(2)  By  the  action  of  A1C1,  upon  acetyl  chloride  and  the  subsequent  decomposition 
of  the  aluminium  derivative.  This  reaction  was  discovered  by  Combes,  but  correctly 
interpreted  by  Gustavson  (B.  21,  R.  252;  22,  1009): 


3CII,C0C1  +  AlCl,  =  cIisC0>CH  *  CCla° 1  A1C,»  +  2HC1 

3 


Cli;C0>CIICClJ0AlCla 


CIIjCO 

CH,CO 


>CIICOaII 


CII,— CO 
CH,— CO 


>CIIa. 


Constitution . — The  /3-diketones,  like  the  oxymethylene  ketones,  (p.  3*^),  have  an 
acid  character.  Although  the  formyl  ketones  are  regarded  as  oxymethylene  deriva- 
thes,  the  disposition  generally  is  to  assign  the  salts  of  the  /3-diketones,  t »  • 

.  CH  =  C(ONa)CII«,  the  vinyl  alcohol  formula,  retaining  for  the  free  ketones, 
however,  the  diketo-formula.  Compare  also  acetoacetic  ester  (see  this),  and  formyl- 
acetic  ester  (see  this)  (A.  277,  162).  The  molecular  refraction  is  an  argument  in 
favor  of  this  view  (B.  25,  3074).  _  .  .  ~  . 

Deportment.  —  Their  alkali  salts  are  precipitated  by  copper  acetate.  erne 
chloride  imparts  an  intense  red  color  to  their  alcoholic  solution.  Seepp.  327,  328  lor 
lkeir  remarkable  behavior  with  hydroxylamine  and  phenylhydrazine. 

Acetyl-acetone,  CH3  .  CO  .  CH,  .  CO  .  C1I8,  boils  at  137 


See  above  for 


its 


formation.””  It"'  can  be  produced  by  electrolyzing  an  alcoholic  solution  of 
sodium  acetyl  acetone.  Tctraacetylethane  is  formed  by  the  action  of  iodine  upon  the 
same  salt  (B.  26 ,  R.  884).  SaCI2  and  SCI,  produce  dithio-  and  raonothio-acetyl 
acetone  (B  27,  R.  401,  789).  Sec*  p.  328  for  the  action  of  hydrazine  and  phenyl- 
hydrazine.  Copper  A  city!  Acetone.  (C5II70.)Xu.  Beryllium 

(>i),Bc,  melts  at  108°  and  boils  at  270°.  Aluminium  Acetyl  Ace  one,  (CftH702),Al 
melts  at  102°  and  boils  at  U4°.  I  he  vapor  densities  of  these  bodies  indicate  the 
bivalent  nature  of  ghJinumf  a£d  the  trivalent  character  of  aluminium  (Combes,  B.  28, 
K.  10).  Octochloraeetyl  Acetone  melts  at  43°-  Octobromacetyl  Acetone,  CBr,.  COC- 
Br2COCBr7,  is  formed  when  chlorine  or  bromine  acts  upon  phloroglucin.  It  melts 

1  Alkalized  acetVl  Acetones  arc  produced  when  sodium  and  alkyl  iodides  act  upon 
acetyl  acetone  (Combes,  B.  20,  R.  285  ;  21,  K.  11). 
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Acetyl-methylethyl  Ketone.  CH  CO  CIT  rn  r  u 

methane,  boils  at  158°.  3  2 '  5>  aee ty lpropionyl 

ioAcetyl.methylpropyl  Ketone,  acetyl-butyryl  methane,  boils  at  1750  (B.  a2, 

(3)  T-  or  1.4-Diketones. 

.1  1  llese  oorrespond  to  the  paraquinones  of  the  aromatic  series  (see 
lese).  1  hey  are  not  capable  of  lorming  salts,  hence  are  not  soluble 
in  the  alkalies.  They  form  mono-  and  di-oximes  with  hydroxylamine, 
and  mono-  and  di-hydrazones  with  phenylhydrazine ;  these  are  color- 
es^'  f  *ie  readiness  with  which  the  y-diketones  form  pyrrol,  furfurane, 
and  thiophene  derivatives  is  characteristic  of  them. 

Acetonyl  Acetone,  s  Diacetylethane,  [2.5-Hexandion],  CH3.- 
CO.  CH2.CH4.  CO.  CH„  is  obtained  from  pyrotri tartaric  acid, 
C7HgOs  (see  this),  and  from  acetonyl  acetoacetic  ester  (see  this),  upon 
heating  to  160°  with  water  (B.  18,  58),  and  from  isopyrotri tartaric 
acid  and  diacetylsuccinic  ester,  when  they  are  allowed  to  stand  in 
contact  with  sodium  hydroxide  (B.  22,  2100).  A  liquid  with  an 
agreeable  odor.  It  is  miscible  with  water,  alcohol,  and  ether.  It 
boils  at  1940  C. 

Conversion  of  Acetonyl  Acetone  into  1 .4- Dimethyl-furfuranc,  -thio- 
phene,  and  -pyrrol  { Paal,  B.  18,  58,  367,  2251).  , 

(1)  1  he  direct  removal  of  one  molecule  of  water  from  aceton\ 
acetone  (by  distillation  with  zinc  chloride  or  PA)  affords  dimethyl 
furfurane  (B.  20,  1085): 

ch2.co.ch,  ch=c/CHs 

<^Ha .  CO .  CH,  ~  £h  =  C>°  +  Ha°’ 

• 'CH, 

Dimethyl  Furfurane. 

Other  y-diketone  compounds  react  in  a  similar  manner  (Knorr,  B.  *7* 
2?s6)* 

(2)  When  heated  with  phosphorus  sulphide  acetonyl  acetone  yie  s 
dimethyl  thiophene  : 


CH  =  C/^S 

CO .  CH,  +  SH*  =  cC  S  +  2H,°' 

XCHS 

Dimethyl  Thiophene. 


CH, .  CO .  CH 
I. 


All  the  y  diketones  or  (i.4)-dicarboxyl  compounds,  e.g.,  they-ketonic 
acids  (see  these),  yield  the  corresponding  thiophene  derivatives  upon 
like  treatment  (B.  19,  551).  b  v 

(3)  Dimethyl  pyrrol  is  produced  on  heating  acetonyl  acetone  with 
alcoholic  ammonia :  3 


CH, .  CO .  CH, 


6,..co.cH;+OTi-=j.„  r 


CH  _  C<^  +  2l^a 


Cl  I, 
Dimethyl  Pyrrol. 
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Ml  compounds  containing  two  CO-groups  in  the  (1.4)  position 
‘  amilarlv  with  ammonia  and  amines,  Such  are  diaceto-succinic 
Sand  laevulinic  ester.  All  the  pyrrol  derivatives  formed  as  above, 
iJL  boiled  with  dilute  mineral  acids,  have  the  power  of  coloring  a 
**  chip  an  intense  red.  This  reaction  is,  theretore.  a  means  ot 
Jeeogninng  all  (i.4)-<iiketone  compounds  (B.  19,  46).  These  cenva- 
tms  react  similarly  with  amidophenols  and  amido-acids  (d.  19,  550 )• 
In  all  these  conversions  of  acetonyl  acetone  into  pyrrol,  thiophene, 
and  mrforane  derivatives  it  may  be  assumed  that  it  first  passes  irom 
the  diketone  form  into  the  pseudo-form  of  the  unsaturated  diglycol 

(P-5i>  CH, 

CHj.CO.CH,  .  CH  =  C<OH 
CHj.CO.CH,  CH  =  C<£*j  ’ 


and  from  this,  bv  replacing  the  2OH  groups  with  S,  O,  or  NH.  the 
corresponding  furfurane,  thiophene,  and  pyrrol  compounds  are  pro¬ 
duced  (B.  i9>  551). 

1-5-  or  'DOcetones  are  not  known.  If  it  is  attempted  to  prepare  them  from  the 
dieaiboxylic  esters,  e.  g.y  aa-diacetyl  glutanc  ester  : 


from  the  condensation  of  aldehydes  and  acetoacetic  esters,  by  splitting  cff 
^hoxycthyl  groups,  there  results  instead  of,  for  example,  diacet)  .propane  or  —5 
CH, .  CO .  CH, .  CH, .  CH,  .  CO .  CH„  a  carbocyclic  condensation  pro- 

,  >*'  DielcS (&' 1 SfaceM  ptmlne'cH, .  CO(CHt\CO  .  CH,.  belongs  to  this 
**  When  this  U  reduced',  it  sustains  an  intramolecular  pmacone  formation  and 

-Ponses  dimethyldihydroxyheptamethylene,  CH, .  (i(OH)\CH.  ,C  OII)CH,  (B. 
ri,  R.  249;  24.  R.  634;  26,  R.  316). 


tROGEN-CONTAINING  DERIVATIVES  OF  THE  D1ALDEH1 DES. 

HYDE  KETONES,  AND  D1KETO 

For  the  action  of  ammonia  upon  glyoxal  and  acetonyl  acetone,  consult  PP.  321, 

2-  Oximes. 


A. 


Oximes.  .  *  be  tones  and  mono.rimes  of  the 

Monoximes,  (a)  Atdoximes  bodies  are  formed  (la)  by 

i&tonts  :  isonitroso  ketones  or  oxtmiao- kernes. 

^>on  of  nitrogen  trioxide  upon  of  sL’ium  eihvlate  or  hydrochloric  acid 

6)  When  amvl  nitrite  in  the  presence  j  hvdrochloric  acid  gives  the 

s  “Pon  ketones.  At  limes  sodium  ethylate  and  a^ain  . 

*  yield  (B.  20,  2194;  28,  1915) : 


CH, .  CO .  CH,  +  NO . O .  C5HU 


-  CH, .  CO .  CH(N .  OH)  +  C5Hn  .  OH. 


.  -  oximido  body,  in  that  the  oximido-group 
e*cess  of  amyl  nitrite  decomposes  ,:-diketo- derivatives  (H.  22,  527)- 

placed  bv  oxvgen,  with  the  productio  esler  so  can  isonitroso-  or  oximido- 

2)  Just  L  1  ;c  farmed  from  acetoaceuc  es 


by  oxygen,  with  the  producti^o  c  ester,  so  can  isonitroso-  or  oximido- 
as  acetone  is  formed  from  ace 
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acetone  be  prepared  from  the  oximido-derivative  of  acetoacetic  ester  (B  ic 
Citrous  acid  decomposes  acetoacetic  acid  into  oximido-acetone  and  carbon  dioxide  : 

CHj .  CO .  CHj .  C02H  NO .  OH  =  CII3 .  COCH(N .  OH)  -f-  CO}  —  HjO. 

Similarly,  the  oximido-compoundsof  the  higher  acetones  can  be  directly  derived  from 
the  monoalkylic  acetoacetic  acids  and  their  esters  by  the  exit  of  carbon  dioxide 
(B.  20,  531): 

CHj .  CO .  CH<5q  „  -f  NO .  OH  =  CH3 .  CO .  +  CO.  +  H.O, 

UjH  .  OH 

while  the  dialkylic  acetoacetic  acids  do  not  react  (B.  15,  3067). 

Properties. — Ihe  isonitroso-  or  oximido-ketones  are  colorless,  crystalline  bodies, 
easily  soluble  in  alcohol,  ether  and  chloroform,  but  usually  more  sparingly  soluble 
in  water.  They  dissolve  in  the  alkalies,  the  hydrogen  of  the  hydroxyl  group  being 
replaced  by  metal,  with  the  formation  of  salts  having  an  intensely  yellow  color. 
They  yield  a  yellow  coloration  with  phenol  and  sulphuric  acid,  and  not  the  blue 
coloration  of  the  nitroso- react  ion  (B.  15,  1529). 

Deportment. — (1)  As  in  the  keton-oximes,  so  also  in  the  isonitroso-ketones,  the 
oximido-group  can  be  split  off  and  be  replaced  by  oxygen,  which  will  lead  to  the 
formation  of  diketo  bodies,  — CO .  CO — .  Sodium  bisulphite,  and  boiling  the  result¬ 
ing  imidsulphonic  acid  with  dilute  acids  will  bring  about  this  transposition  (B.  20, 
3162).  The  reaction  also  takes  place  when  isonitroso-ketones  are  boiled  directly  *it* 
dilute  sulphuric  acid  (B.  20,  3213).  The  decomposition  is  sometimes  more  readi ) 
effected  by  nitrous  acid  (B.  22,  532). 

(2)  The  aldoximido-ketones,  like  the  aldoximes  (p.  206),  are  converted  b'  de  J 

drating  agents — e.  g. ,  acetic  anhydride — into  acidyl  cyanides  or  a-keton-carbox)  ‘ c 
nitriles  (see  these)  (B.  20,  2196).  ,  . 

(3)  Amido- ketones  (p.  319)  are  produced  in  the  reduction  of  isonitroso  ketones  > 

means  of  stannous  chloride. 

(4)  Two  molecules  of  phenylhydrazine  acting  upon  the  isonitroso-ketones  produce 
osazones ,  e.g.,  CH3  .  C(N2H  .  C6H5)CH(N2H  .  C6H5)— acetonosazone  (B.  22, 

(5)  By  the  further  action  of  hydroxylamine  or  its  hydrochloride  (B.  I^’,.  ,U‘  0f 

isonitroso-acetone,  the  ketone  oxygen  is  replaced  and  ketoximic  acids  or  dioxiw- 
the  a-aldehyde  ketones  and  a-diketones  are  produced.  Moride 

(6)  rhe  benzyl  ether  results  from  the  action  of  sodium  alcoholate  and  ben/}  *  c  ^ 
upon  nitroso-acetone.  This  is  isomeric  with  the  benzyl-isonitroso-acetone  <-e 

from  benzyl -aceto  acetic  acid  : 


CHS .  CO  .  CH  :  N .  OC7H7 
Isonitroso-acetone-benzyl  Ether 


and 


CH3.CO.c/ 

^N.OH. 

Benzyl-isonitroso-acetone. 


QH, 


This  is  evidence  that  the  oximide  group,  N.OH,  is  present  in  the  is°nltr^ 
compounds  (B.  15,  3073).  Consult  B.  16,  835,  for  the  salts  of  the  isonitroso-Kei 

Isonitroso-acetone,  aldoxime  of  pvroracemic  aldehyde,  (  ^3.‘ 
CO  .  C  H  :  (N  .  OH),  is  very  readily  soluble  in  water;  crystallizes  ^ 
silvery,  glistening  tablets  or  prisms;  fuses  at  65°,  and  decoropos 
higher  temperatures,  but  may  be  volatilized  in  a  current  ot  ste  • 
The  aldehyde  of  pyroracemic  acid,  CHS .  CO .  CHO  (p.  296),  can 
obtained  from  it  bv  splitting  off  the  isonitroso-group. 

CH.-CO  C= 


diketones. 
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Ean'-idm, C.H* .  CO.  C=  N .  OH  .  CH,,  melts  at  59-62°.  Isonitrosemrtkyl - 

SJLsfw  Cl?,  CO .  C=  NOH  .  C,H7,  melts  at  49-5°-  honitrosomethyl-is,  butyl- 
ch’  CO.  C=NOH.CH(CH,),,  melts  at  75°-  honitrosonuthyl-isoamyl - 
feV  ch;  CO . C  =  NOH  .  CH,  .  CHiCH,),.  melts  at  420  C.  Isonitrosomethyl- 
sKtfn’-idmu,  CH, .  CO .  C  =  NOH .  CH, .  CH, .  CH(CH,)„  melts  at  38°. 


B  Oxime-anhydrides  of  the  j8-Diketones  or  Isoxazoles. 

Mcsoiimes  of  the  jJ-formylketones  and  of  the  ^-diketones  axe  not  known.  In  the 
r-grpt  to  prepare  them  water  splits  off  and  an  intramolecular  anhydride  formation 
tikes  place.  The  oxime-anhydrides  are  isomeric  with  the  ox  azoles,  which  also  con- 
skc4 irt members;  hence  their  name,  isoxazoks  (B.  21,  2178  ;  24,  390;  25,  1787). 
«-i tekyhsoxazoU,  CHj-u-CjHjNO,  boiling  at  122°,  and  }  -methylisoxazolc> 
^-CjHjXO,  boiling  at  11S0,  result  from  oxymethylene  or  formyl  acetone. 
&ey  are  transparent  liquids,  having  an  intense  odor,  resembling  that  of  pyridine. 
-  -^esiiTiisoxazole  readily  rearranges  itself  into  cyanacetone  (see  this): 


CH=CHOH 
ml  3 


CH _ C.  CH, 

->(  P  y I  ' 

_  -  CH.OH  NH,  — HjOCHa  N 

HO  \q/  H(^  \q/ 


CH — CH  CH _ CO .  CH, 

NH,  -H^T  CH,c/  VN 


p^-:w?yUfxafole  (ch,W-c,hno,  boiling  at  141-1420,  has  a  very 
q  Diox  ini  G  15  °^alnec^  from  acelylacetone  and  hydroxylamine  hydrochloride. 

in'^0X^mes  .or  tt  Dioximes. — The  monoxime  of  glyoxal  is  not  known,  but 
ly^j^W^wacemic  aldehyde)  and  the  a -diketones  are  treated  with  hydroxylamine 

obtain  t  e’  *7*°  t‘le  a -dioximes  or  glvoximes  are  formed.  Thev  can  also  be 
__-i  irom  a-isonhrr^Ji,., _ j,i  ■ _ 


iae,  DjVw  r^Cl^’  CH,C(NOH) .  CH(NOH),  melts  at  1530.  Dimethyl  Glyox- 
cH,C(NOH)  .  C(KOHlCHs.  melts  at  234°  ,  B.  28,  R  1006). 
*  170®.  \r  JJy°xlme'  CH}C(NOH) .  C(XOH) .  C,HS.  melts  with  decomposition 
I70— 1  ^2°  ‘  y  ~ProPy^  Glyoxime  melts  at  1 68°.  Methyl  isobutyl  Glyoxime  melts  at 


Giyoxime  Peroxides  (B.  23,  3496)  result  when  NO,  acts  upon  an  ethereal 


Motion 


CH, .  C  =  N  —  O 


°f  the  glyoximes:  dimethyl  glyoxime  peroxide,  3  1  M  Li  boils  at 

222-22?°  1  #  CH3  .  C  —  iN  U 

Icj  pu  ‘  ethyl-ethyl  Glyoxime  Peroxide  boils  at  1 1 5_1 1  o°  (16.5  min  )• 

urazanes,  Azoxazoles,  /^ro- [ a . a, ] -diazoles  are  the  anhydrides  obtained  from 


°^tain  “-dioximes.  Furazane,  ’^>0,  itself  is  not  known,  while  dimethyl- 


furazane 
the 


(d\  j  k  r  example,  from  di  acetyl  dioxime,  has  been  prepared. 

-  j  J-,  lQximes  are  not  known  (see  above) ;  they  would  be  oxime  anhydrides  of 
'  ^tones  or  isoxazoles. 


/a  — wmcs  or  isoxazoles 

(M«  J  ,  l°ximes.  which  may  be  systematically  derived  from  the  y-dialdehydes 
and  ^‘actone,  see  this)  and  y-aldehyde-ketones,  not  known  in  a  free  condition 
prJS?%not  capable  of  existing,  as  well  as  from  known  y-diketones,  may  be 
by  the  action  of  hydroxylamine  upon  pyrrol  (B.  22,  1968)  and  alkyl 
po*(B.  23>  1788);  (2)  from  y-diketones  and  hydroxylamine.  They  are  decom- 

d  by  boiling  alkalies  into  the  corresponding  acids,  or. jdiketones. 

*'«cinaU.j,.j  v-  •  xr-rH  CM  CH.  .  CH  :  N  .  OH,  melting  at  173  , 
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acetone-dioxime ,  CH3  .  C  :  N(OH)CH2 .  CH2C:  N(OH) .  CH3,  melts  at  134-1350 
uu-Diacetylpentan-dioximey  CH3C  :  N(OH)(CH2)5C :  N(OH)CH3,  melts  at  1720. 


3.  Hydrazine  and  Phenylhydrazine  Derivatives. 

Q  _ 

Dimethylaziethane,  3  i  _  melting  above  270°,  and  Dimethylbishydrazi- 
r'H3C 


CH3C  =  N’ 

NH  NH 


methylene ,  ~\~  >C(CH3) .  C(CH3)<  1  ,  melting  at  158°,  are  obtained  from  di- 

NH  NH 

acetyl  and  hydrazine  (J.  pr.  Ch.  [2]  44,  174).  A1J  .  .  ru  rn  rH>. 

Monohydrazones. — Hydrazone  of  Pyroracemic  Aldehyde,  L  1  i3t  * 

N .  NH  .  C6H5,  melting  at  148°,  is  obtained  by  saponifying  the  reaction -product 
resulting  from  diazobenzene  chloride  and  sodium  acetoacetic  ester  wit  a  c° 
caustic  potash.  Diacetyl-hydrazone,  CH3 .  CO  .  C  :  N(NHC6H5)CII3,  me  in8 
1330,  has  been  prepared  from  diacetyl-  and  methyl-acetoacetic  ester  (J aPP 

Klingemann)  (A.  247,  190).  t  _  .  ,  /  the 

Dihydrazones  or  Osazones. — Glyoxal  (p.  320),  methyl-glyoxa  (P-  3 .  'jose 
<z-diketones  and  the  a-isonitroso-acetones,  when  treated  with  plien)  r  >  ^ 
two  molecules  of  water  and  form:  diphenyl-hydrazones  or  osaz°n^s’ "  ^  a.amido- 
be  obtained  from  a  oxyaldehydes,  a-oxyketones,  a-amidoaldenyaes  a  .  f  the 
ketones.  The  osazones  have  become  especially  important  for  t  e<-  1  l)0tassium 
aldopentoses,  and  the  aldo-  and  ketohexoses.  The  osazones  are  oxu  .lze,  'yorjc  acid 
chromate  and  acetic  acid  to  osotetrazones ,  which  are  conveited  y  ]) 
and  ferric  chloride  into  osotriazoncs  : 


CH3C  =  N— NHC6H 

ch,(i:=n— 


ch3c=n— nc6h3 


Fe»C10  CHjC  — 


S'— — — «"5  w  *Y  *.>N.  QH6 

= - -  ^CH3C  =  N— NC6H8  HC.  •  Cg£-^sotriaZone. 

Diacetyl-osazone  Diacetyl-osotetrazone  ^ 


Glyoxal-ospzone ,  C,H5NHN :  CH .  CH :  N .  NHC,H5,  melts  at  I77°- 


Glyoxal 


CH  :  N  .  NC6Hj 


osotetrazone,  I  i  “  *  melts  at  145°  (B.  17,  2001 ;  21,2752:  *6> ^ 

Methyl-glyoxal-o  'sazone,  C°I  I55N H  .  N :  C(CHS)  .  CH  :  N  .  NHC( 6H5,  melts  at  U5 

y  y  0  0  J  .  XT  TM  _ £0  107 . 


o  I  •  V/l*  •  1  •  O  w 

CH :  N  .  N .  C6H5  ,  at  I06°-io7  • 
26,2203).  Me  thy  l- gly ox al-osotetrazone,  CH  £  _  jlj  .  C6H5’ 

Methyl-glyoxal-osotriazone,  ^  t  1  _ >NC6H6;  boils  at  149-15°  ( 1  ° 

■*  -  IN 


"*w  CHjC  -  6  0 .  .  .  2,6o  (B.  20- 

2755)-  Diacetyl-osazone  (formula  above)  melts  with  decomposJ  ,on  ^ecotnp0^" 
71X/1  :  A.  7.AQ.  20^V  Diacetvl-osotetrazone  (formula  above)  melts  0  (13. 


►759).  a-Acetyl-propionyl-hydrazone ,  CH3C(  :  NNHC61 15)  .  C( :  , 

acetyl-propionyl,  melts  at  96-98°.  Acetyl  prop  iony  l- hydrazone,  .  l*tvl-t>  ropi°nyl 

NHC6HB)C2H6,  from  ethyl  acetoacetic  acid,  melts  at  116-117  •  1  ' 

osazone  melts  at  162°  (B.  21,  1414;  A.  247,  221).  wi(h  hydr* 

The  1.3-diketones  and  the  1.3-oxymethylene  ketones  (p.  3*9)  u  regarded^ 
zine  and  phenylhydrazine,  forming  pyrazoles  (see  these),  which  ma>  gtone  and 
derivatives  of  the  1.3-olefine  ketols  (A.  279,  237):  e.  g.,  oxymetnyie 

N - Nil 

hydrazine  yield  3  Methylpyrazole,  Ij  |  (B.  27,  954)- 

CHS  .  C  .  CH  :  CH  /  ateW<**m 

Acetonyl- acetone,  a  1.4-diketone,  and  phenylhydrazine  yield  :  Acetony  1 

CH  :  C — CH«  Ti  melt* 

tone,  melting  at  120°,  and  phenylamido-dimethyl-pyrrol,  |  6  5> 

CII :  C — CH3 

ine  at  oo°  and  l>oiling  at  270°  (B.  18,  60;  22,  170).  „,mHc  H»)-' 

a  HyJrazoximcs. — Methy  l-glyoxal-phettyl  hydrazoxime ,  CH,.  C:  M*-1  * 
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methyl*.- 

Phcoylosotriazole^nfn^  SnC,H,  (A.  262,  278). 


OH 

7.  ALCOHOL-  or  OXY-ACIDS,  CnHJn<C02H. 

Acids  of  this  series  show  a  twofold  character  in  their  entire  deport¬ 
ment.  Since  they  contain  a  carboxyl  group,  they  are  monobasic 
adds  with  all  the  attaching  properties  and  transpositions  of  the  latter ; 

■  OH  group  linked  to  the  radical  bestows  upon  them  all  the 
properties  of  the  monohydric  alcohols.  As  already  indicated  in  the 
introduction  to  the  dihydric  compounds,  these  alcohols  must  be  dis- 
'npiished  as  primary ,  secondary,  and  tertiary,  according  as  they  con- 
addition  to  the  carboxyl  group,  the  group—  CH2OH,  char- 
seZr  °f,pnmary  alcohols>  the  radical  =CHOH,  peculiar  to  the 
differed  a  c°!10^s>  °r  the  tertiary  alcohol  group  =C  .  OH.  This 
subiectf^f  ,  manKests  itself  in  the  deportment  of  these  bodies  when 
hydroxyl  °  Ox'^a^on-  However,  the  manner  in  which  the  alcoholic 
Pr^nt  in  ^ti?Up  an  alc°hol-acid  acts  upon  the  carboxyl  group 
these  tw  same  molecule  depends  greatly  upon  the  position  of 
differenti°tgr°UpS  W'^  reference  to  each  other.  It  is  just  this 
induces  *i  ln^’  .°PPos'ng  position  of  the  two  reactive  groups  which 
fore  mad  ^  <a'^erences  °f  a  distinctly  new  type,  which  are  there- 
^eondar^  ^)rorn^nent  because  the  oxidations  manifested  by  primary, 
present ,1  an<^  tertiary  alcohols  are  already  known  to  us.  At 
their  ori  ^  rre  mos^y  termed  oxy-  or  hydroxy-fatty  acids ,  because  of 
atomby^OH°m  fatty  ac^s  h>y  the  replacement  of  an  hydrogen 

teristic  JT?  names ”  are  formed  by  the  insertion  of  the  syllable  “  ol,”  cliarac- 
^H.OH  Cnr\  °k>  between  the  name  of  the  hydrocarbon  and  the  word  acid : 

5  •  t)OH,  oxyacetic  acid,  or  [ethanol  acid\ 

knov  C°^c  an^  ordinary  or  lactic  acid  of  fermentation  are  the  best 
^  n  and  most  important  representatives. 

eneral  Methods  of  Formation. — (i)  Careful  oxidation  (a)  of  dipn- 
ry»  Primary  secondary  and  primary  tertiary  glycols  with  dilute 
ric  acid,  or  platinum  sponge  and  air  : 

CHs.CH.OH  Q  =CH,CH.OH  +  Ha0 
C2H  OH  *  COOH 

a-Propylene  Glycol  a-Lactic  Acid. 

O)  By  the  oxidation  of  oxyaldehydes.  •  nd 

(2)  The  action  of  nascent  hydrogen  (sodnun^amalgam,  zinc^^^ 

hydrochloric  or  sulphuric  acid)  upon  the  aldehyde  acid. , 


CH,OH 

CH  +  02=  \  +  H20 


iooH 

Glycollic  Acid 
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acids  (pyroracemie  acid.  CH, .  CO  .  CO,H)  and  dicarboxvlic  acids 
(oxalic  acid,  CO,H .  COtH) :  '  acids 

+  aH  =  CH, .  CH(OH)  .  CO,H 
COOH  .  COOH  -f  4H  =  COOH  .  CH,OH  -fH,0. 

This  reaction  has  been  repeatedly  used  in  preparing  S-,  r-  and 
3-oxy- acids  trorn  r-  and  J-ketone  carboxylic  esters. 

(3  ^rae  fatty  acids  have  OH  directlv  introduced  into  them.  This 
is  accomplished  by  oxidizing  them  with  KMnO,  in  alkaline  solution. 


(-0  B)  heating  unsaturated  fatty  acids  with  aqueous  caustic  potash  or 
soaa  to  ioo°  (A.  283,  50). 

^  The  transposition  of  the  monohalogen  fattv  acids  with  silver 
oxice.  boiling  alkalies,  or  even  water.  The  conditions  of  the  reaction 
are  pertectly  similar  to  those  observ  ed  in  the  conversion  of  the  alkvl- 
ogens  into  alcohols. 


CH,a .  CO,H 


h*°  =  ch*<^h  +  hci- 


a-oxy-acids ;  the  o-deri  rati  res  are  occasiooair  charged  to 
1  mvo  H  ^  tvt.  *  splitting -off  of  a  haloid  acid,  while  the  ; -compounds  forts 

direrti^im^  saI^u«a1t^  P*^  into  lactones.  ?-HaIogen  acids  are  converted 

directly  into  lactones  by  the  alkaline  carbonates. 

(6s!  By  the  action  of  nitrous  acid  upon  amido-acids: 

+  NO*H = cSSSlc  ,SH  +  * + Ht°- 

lvil7in -Trvl  OXy  “if ‘ds  ^  ^obtained  from  the  diaxo-tatty  acids,  on 
bo  ling  them  with  water  or  dilute  acids. 

'i  -'  ^  *  beton-al cohob — e.  ,  butvroln  and  isovaleroln  (p- 

0  \-~?n  bating  them  with  alkalies  and  air. 

an?c  ac'id^ndlf^  Bv  allowing  hvdrocy- 

At  ^ox^iiiSr^00  a?d  to  acl  UP™  the  aldehydes  and  ketones, 
after  which  hvdm^l  ^  nit!’Jes  of  W-tcids  (see  these),  are  produced- 
^  acid  changes  the  cyanogen  group  into  car- 


t.  Phase:  CH,.  CHO  +  NCH  =  CH,.CH<gJ 

2.  Phase  :  CH, .  CH<gH  +  2H,0  =  CH, .  CH<g“H  +  XH,- 

*O^Tl^x>pio«ic  AcML 


•-v.*xy;xrof3*o*ic  Acid. 


alcohol-  or  oxy  acids. 
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boiling  with  more  dilute  acid  they  sus  dilute  sulphuric  acid.  Ethy- 

change  occurs  more  readily  by  heating  with  a  httle  dimte  P 
lene  oxide  behaves  like  acetaldehyde  with  prussic  acid. 

(,o)  The  glycol  chlorhydrins  «p.  3°=)  und'r«°  a  like  alteration 
through  the  action  of  potassium  cyanide  and  acids . 

i.  Phase :  CH, .  (OH) .  CH2C1  +  CNK  =  CH,(OH) .  CH2 .  CN  +  KCJ, 

,  Ita.:  CH,’  (OH)’  CH,tN  +  2H.0  =  CH^OH)opCH,  XO.H  +  . 

(n)  A  method  of  ready  applicability  in  the  synthesis  of 
consists  in  permitting  zinc  and  alkyl  iodides  to  ac  .  UP°  ,  • 

oxalic  ester  (Frankland  and  Duppa).  This  reaction  is  i  pans 
the  formation  of  tertiary  alcohols  from  the  acid  chlori  es  y 
of  zinc  ethyl,  or  of  the  secondary  alcohols  from  formic  esters  U  • 

—i  and  2  alkyl  groups  are  introduced  into  one  car  oox)  g 

(A-  185,  184) : 

/° .  CsH5  Zn(CH8)4  yO  .  C2H5 

j\>  - *r-" 

COAH 

Ester 


Oxafic  “*5 


c^ch  •  •  czS:  - 

\0 .  ZnCHj  j  •  ZnCHs 

co2c2h5 


I  \OH 


C02C2H5 


co2c2h5 

Dimethyl-oxalic 

Ester. 


^  If  we  employ  two  alkyl  iodides,  two  different  alkyls  may 

The  acids  obtained,  as  indicated,  are  named  in  accorfUince^^  derjvatjves  of  oxy- 
om  oxalic  acid,  but  it  would  be  more  correct  to  v,aw.t  te  e  c  dimethyl-oxalic 
a«t,c  acid  or  glycollic  acid,  CH2(OH)  .  COaH,  and  des.gnate,  e.f.,* 

,  ’  as  dimethyl-oxyacetic  acid.  ,  acetic  esters  and  propionic 

(>2)  When  sodium  or  sodium  ethylate  acts  upon  ,  ,  in  tjie  case  of  butyric  and 

«ters  it  converts  them  into  /3-ketone  carboxylic  es‘e’’s’  ids  such  as  ethoxycaprylic 
obutync  esters  it  produces  the  ether  esters  of  f>-  y  ^butyric  ester  (A.  249. 
?ff*  ICH3)2CH  .  CH(OC2H5) .  C(CH,)4  •  C02  .  C2H5,  from 

S4)'  V  .  The  fatty  acids  are  formed  from 

^‘actions  in  which  Groups  are  Split  off. —(1 3)  a  carboxyl  group  (p.  241). 

a'kyl  malonic  acids,  CRR'(C02R)2,  by  the  w'thdra  l  1  oxymalonic  acids 

and  the  oxy-fatty  acids  are  obtained  in  a  similar  mann 

or  tartronic  acids : 

rRtOH^CO*2  =  CRH(OH) .  C02H  +  C02. 

CO,H  y^ucyl-oxy-acetic  Acid. 

AtkyUartromc  Acid  renared  from  malonic  acid  esters,  <>.  g. , 

The  tartronic  compounds  are  synthetica  y  P  ,  see  malonic  acid),  then 

-  ..Mi= 

replacing  the  second  bydrogeno  »  x4>  6I9). 

monochlor-malonic  ester  with  ;somerism  with  the  oxy-acids  are 

Isomerism.  — The  possible  cay  ^  oxy.acids  as  the  mono-hydroxyl 
most  simply  deduced  by  con 
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Sme'Z'Z  £!!*“?  ,°f  the/att>r  acids-  Then  the  isomerifc  m  the 
ZZifJf.  m°n,o  hal°f  n.fatty  acids,  which  may  be  regarded  as  the 
o  d  esters  of  the  alcoholic  acids  corresponding  to  them. 

acid>X^aCet'C  °r  ^^"co^'c  ac'^  is  the  only  acid  which  can  be  obtained  from  acetic 


CHS .  COOH  CHjOH  .  COOH 

Acetic  Acid  Glycollic  Acid  (p.  334). 

Propionic  acid  yields  two  oxypropionic  acids  : 

CH3  .  CH2 .  COOH  CH3  .  CH(OH) .  COOH  CH2(OH) .  CH2 .  COOH 

Propionic  Acid  a-Oxypropionic  Acid  0-Oxypropionic  Acid 

ord.  Lactic  Acid  (p.  335)  Hydracrylic  Acid  (p.  341)- 

These  are  distinguished  as  a-  and  /^  oxypropionic  acids  respectively.  The  a-acid 
contains  an  asymmetric  carbon  atom.  Theoretically,  it  should  yield  an  inactive 
variety,  which  can  be  decomposed,  and  two  optically  active  modifications.  These. 

in  fact,  exist. 

Normal  butyric  acid  yields  three  and  isobutyric  acid  two  mono-carboxylic  acids. 

CHs.CH2.CH2C02H  CHs.CH2.CH(OH).C02H  a-Oxybutyric  Acid  fp.  337) 
n-Butytic  Acid  CH3.CH(OH).CH2.C02H  /?-Oxybutyric  Acid (p.  342) 
CH2OH.CH2.CH2.COOH  y-Oxybutyric  Acid  (p.  342) 

CHj>CHCOH  chJ>C(OH).CC\H  •  •  a-Oxyisobutyric  Acid  (p-337) 

C Isobutyric  Acid.  HOCH2>CHC°2H  •  •  •  /8-Oxyisobutyric  Acid  (unknown). 

These  alcohol-acids  are  themselves  divided  into —  Q  •  ^batfric 

Primary  acids  :  Glycollic  acid,  hydracrylic  acid,  y-oxybutyric  acid,  /j’Oxy 
acid. 

Secondary  acids  :  a-Oxypropionic  acid,  a-oxybutyric  acid. 

Tertiary  acids  :  a-Oxyisobutyric  acid. 

Properties . — The  oxy-fatty  acids  containing  one  OH  grotip  ar^eT 
consequence,  more  readily  soluble  in  water,  and  less  soluble  in  ^ 
than  the  parent  acids  (p.  245).  They  are  less  volatile  ana, 
general  thing,  can  not  be  distilled  without  undergoing  a  ,.c 

Deportment. — (1)  The  alcohol-acids  behave  like  the  mono-car  1 

acids,  in  that  like  these  they  yield,  through  a  change  in  the  car 
group,  normal  salts,  esters,  amides  and  nitriles: 


COOK  COOC2H5  CONH2  C  N 

ch2ok  6h2oh  6h2oh  ^h2oh. 

( 2 )  The  remaining  OH-group  deports  itself  like  that  of  the  ale 
0  Alkali  metals  and  alkyls  may  replace  its  hydrogen.  *  r 
radicals  and  NO*  are  substituted  for  it  by  the  action  of  chlorides 
monobasic  acid  radicals  (like  C,HsO .  Cl),  and  a  mixture  of  concen¬ 
trated  nitric  and  sulphuric  acids  : 


C»H‘<?62lfs°-dC2H4<06N02 

Aceto-Iactic  Acid  Nitro-lactic  Acid. 


Bot.h  ifTse  rations  are  characteristic  of  the  hydroxyl  group 
the  alcohols  (p.  303).  000 


of 
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m  PCI,  replaces  the  two  hydroxyl  groups  by  chlorine  . 

CH,<°»  oh  +  **  =  CBKS, .  Cl  +  2P0C,‘  +  2"a 

1  CO. on  Glvcolyl  Chloride,  or 

Glycollic  Acid  Chloracetyl  Chloride. 

The  acid  chlorides  corresponding  to  the  .^Y  couesponding  mono- 
Instead  of  these  we  get  the  chlorides  of  wit^  CO  is  very 

chlor-fatty  acids,  in  which  the  chlorine  in  un  t^ejr  esters ; 

reactive  with  water  and  alcohols,  yielding  free  aci  •  ^  •  ts  esters 

in  the  case  cited,  monochlor-acetic  acid,  Orl^i  •  »  >  firmly 

result.  The  remaining  chlorine  atom  is,  on  the  con  ra  y, 
united,  as  in  ethyl  chloride.  ,  .  ,  ,„ri:r  ~r\d  and 

In  addition  to  ethyl  glycollic  ester  there  are  ethy  g  y 
ethyl  etho-glycollic  ester : 

CH*<CO, .  C,H,  CH*<c6, 


Ethyl  Glycollic 
Ester 


.  C2H5 

_ >2h 

Ethyl  Glycollic 
Acid 


.o .  c2h6 
ch*<co2  .  CjH5. 

Ethyl  Etho-glycollic 

Ester. 


aster  Acia 

Alkalies  cause  the  alkyl  combined  with  CO,  to  separate,  forming 
thyl  glycollic  acid.  ,.  f  tt  acjds 

(4)  The  oxy-acids  are  reduced  to  their  corresponding  y 

P- 240)  when  they  are  heated  with  hydriodic  acid.  •  j_  react 

.  (5)  While  in  the  preceding  transpositions  all  the  oxy-ac  ds  react 
ilm'  "ly.  the  primary,  secondary  and  tertiary  alcohol-acids  sho 

barked  differences  when  they  are  oxidized.  __  ,  ,  r-.4s. 

(a)  The  primary  oxy-acids  yield,  by  oxidation,  a  e  y 
CHj .  OH  n  CHO  .  CO.  OH 

to. OH  5'“ldS  to  OH 

Glycollic  Acid  Glyoxyhc  Acid  ketonic 

(^)  The  secondary  oxy-acids  yield  be  tonic  *  •*.  tQ  Atones 

c'jS  change  to  aldehyde  and  CO„  the  /3-ke  o 

and  CO, :  3 


COjII 
ClIj.CHOH 


CO,H 

-V  1 

CH*CO 


co2 

CH3.CHO. 


3  • 

(0  Tertiary  a-oxy-acids  yield  ketones  . 
CH,  mH  4-0  =  ££»>< 


rrr  tt  1  rr CH,-^qq  +  CO,  +  H20. 

p“»>C(OH)  .  CO,H  +  O  -  CHj  '  ^ 

Cll3  V  .  .  _ftted  with  dilute  sulphuric 

(6)  The  a-oxy  acids  undergo  a  like  Their  carboxyl  group 

hydrochloric  acid  (or  by  action  o  c  _  HQS04  is  employed,  CO  *  i 

removed  as  formic  acid  (when  cone 

*  products):  C0  +  HCO,H 

(CH,),C(Ot  ‘)  .  CO,lI  -  g !  *)bH°  +  HCO,H. 

VC11,  .  CH(OH)  .  C(  >,U  limc  .  it,  however. 

Another  alteration  is  sustained  by  the  a-oxy-ac.ds 
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does  not  extend  far  Water  is  eliminated  and  unsaturated  acids  are  produced, 
lliis  change  is  easily  effected  when  PCI,  is  allowed  to  act  on  the  esters  of  a-oxy- 
acids  (p.  277).  1 

(7)  Especially  interesting  is  the  deportment  of  the  a-,  /?-,  y,-  or  d  oxy-acids  in 
respect  to  the  exit  of  water  from  carboxyl  and  alcoholic  hydroxyl  groups. 

(а)  The  a-oxy-actds  lose  water  when  they'  are  heated  and  become  cyclic  iouhlt 
esters — the  lactides — in  the  formation  of  which  two  molecules  of  the  a-oxy-acid 
have  taken  part : 

COOH  HO.CH.CH,  _  CO .  0 .  CH .  CH,  H  Q 

ch,<!:hoh  +  Hoio  ~  ch,cho — <io 

a-Oxypropionic  Acid  or  Lactic  Acid  Lactide. 

(б)  When  the  (5-oxy-acids  are  heated  alone,  water  is  withdrawn  and  unsaturated 
acids  are  the  products  (p.  277) : 

CH,(OH)  .  CH,  .  CO,H  =  CH, :  CH  .  CO,H  +  H,0. 

0-Oxypropionic  Acid  Acrylic  Acid. 

Hydracrylic  Acid 

(V)  The  r-  and  d-oxy- acids  lose  water  at  the  ordinary  temperamre, 
and  change  more  or  less  completely  into  simple  cyclic  es  er 
and  S  lactones. 

o  and 

The  a-,  /?-,  y-  and  d-amido-carboxylic  acids  corresponding  to  t 
d-oxy -acids  show  differences  similar  to  those  manifested  by  the  at  or. 


STRUCTURE  OF  NORMAL  CARBON  CHAINS  AND  THE  FORMAT 

LACTONES.  when 

The  peculiar  differences  in  the  deportment  of  the  a-,  p-,y  aI’'i!resen'tation  ot  l^e 
they  split  off  water  have  contributed  to  the  development  o  a  The  assUD1P' 

spacial  arrangement  or  configuration  of  carbon  chains  (  •  >  a  rorniula  can 

tion  that  the  atoms  of  a  molecule  not  linked  to  each  oth  n  q(  roore  tb 

an  affinity  upon  one  another  has  led  to  the  ldea  1  ,a  ’  ‘straight  line,  but  upon 
two  C  atoms,  these  atoms  arrange  themselves  not  n  •****»  can  not 
curve.  We  can  then  comprehend  that  cyclic,  s,mPl*h  .  en  the  second  and  th 
place  between  the  first  and  second  carbon  atoms,  rarely  bet  first  and 

(in  aromatic  oxy-acids),  and  readily  between  the  first  “"her  that  an  oxygen  atom* 

carbon  aioins,  which  have  approached  so  near  to  each  ot  tb ,  and  tri-metM 

capable  of  bringing  about  a  closed  ring  (see  ethylene  oxide, ,  P -9  j  o(Juc,ion  to 
oxide,  p.  299,  as  well  as  the  strain  theory  of  v.  Baeyer  in  me 
carbocyclic  derivatives). 

A  SATURATED  OXYMONO-CARBOX YLIC  ACIDS,  OXYPARAFFIN  M°N 

BOXYLIC  ACIDS,  a-OXY-ACIDS.  Q}1 

( 1 )  Glycollic  Acid,  Oxy-acetic  Acid  [Ethanol  Acid],  &*^veS  0f 
COOH,  melting  at  So°,  occurs  in  unripe  grapes  an 
Ampelopsis  hederacea.  do^eoc 

History - Glycollic  acid  was  first  obtained  in  1848  by  Strecker  fiom  ^  formatu,n 

imong  the  oxidation  products  obtamed  from  ethyl  alcohol  y 
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acid.  Wiirtz  in  1857  observed  its  formation  in  the  oxidation  of  ethylene  glycol,  and 
Kekuld  in  1858  showed  how  it  could  be  made  by  boiling  a  solution  of  potassium 
chloracetate  (A.  105,  286;  compare  B.  16,  2414  ;  A.  200,  75  ;  B.  26,  R.  606). 

It  is  also  produced  by  the  action  of  caustic  potash  (p.  320)  on 
glyoxal,  by  the  reduction  of  oxalic  acid  (second  method  ol  formation, 
p.  329),  and  from  diazoacetic  ester  by  the  seventh  method  of  forma¬ 
tion.  Its  nitrile  results  when  prussic  acid  acts  upon  formaldehyde 
(ninth  method),  and  is  converted  by  hydrochloric  acid  into  glycollic 
acid.  It  also  appears  in  the  oxidation  of  glycerol  and  glucoses  by 
silver  oxide. 

Qlycollic  acid  crystallizes  from  acetone.  It  is  very  soluble  in  water 
and  alcohol.  Diglycollide  and  polyglycollide  (p.  339)  are  produced 
when  it  is  heated.  Nitric  acid  oxidizes  it  to  oxalic  acid. 

Calcium  Salt,  (CH20HC02)2Ca+3H20.  Ethyl  Ester,  CH2OH.  C02- 
C.H*  boils  at  160°. 

(2)  Lactic  Acid  of  Fermentation,  a-Oxypropionic  Acid,  Ethi- 
dene  Lactic  Acid,  [d-j-1]  Lactic  Acid  [2-Propanol  Acid],  CH3CH- 
(0H)CO2H,  melting  at  180  and  boiling  at  120°  (12  mm.)  (B.  28, 
2597).  is  isomeric  with  ft-oxypropionic  acid,  hydracrylic  acid,  or  [3- 
propanol  acid ]  CH2OH  .  CH2C02H,  which  will  be  discussed  later  as 
the  first  (3-oxy-acid. 

Lactic  Acid  is  formed  by  a  peculiar  fermentation,  the  lactic  acid 
ermentation  of  milk-sugar,  cane-sugar,  gum  and  starch.  It  is,  there- 
°re,  contained  in  many  substances  which  have  soured, — e.  g.,  in  sour 
011  in  sour-kraut,  pickles,  also  in  the  gastric  juice. 

Methods  of  Formation .  — The  acid  is  artificially  prepared  by  the 
Methods  already  described:  (1)  from  a-propylene  glycol;  (2)  from 
Pyroracemic  acid  ;  (s)  from  a-chlor-  or  brom-propionic  acid  ;  (6)  from 
Ranine;  (9)  from  acetaldehyde  and  prussic  acid;  (13)  by  heating 
•somalic  acid,  CHsC(OH)(COOH)2  (B.  26,  R.  7). 

°lh.er  methods  consist  in  heating  grape-sugar  and  cane-sugar  ^th  waterand  2-3 
Parts  barium  hydrate  to  i6o°,  and  ^-dichloracetone,  CH3  .  CO  .Cl  C  2, 
to  200°. 

Lactic  Acid  Fermentation .  — This  fermentation  is  induced  in  sugar  solutions  by  a 
Peculiar  ferment,  the  lactic  acid  bacillus,  which  is  present  in  dec£y*“g  hat 

Proceeds  most  rapidly  at  temperatures  ranging  from  35  45  •  .  -  arrested 

the  bacillus  alluded  to  is  very  sensitive  to  free  acid.  The  fermentation  is  arrested 
when  sufficient  lactic  acid  is  produced,  but  is  again  renewed  when  the  acid  is  neu 
halized.  Therefore?  ztnc  or  calcium  carbonate  is  added  at  the 

butyrate  (compare  n-butync  acid,  ^  gour  milk  In  i847  IJebig 

demonstrated  thaf  Uie  sarcolactic  acid  found  by  Berzelius  (180S)  in  the  juicesc.f 
Me  muscles  was  different  from  the  lactic  acid  of  fermentation.  W  urtz  (1858) 
descXd  the  formation  of  fermentation  lactic  acid  from  "propylene  glyco  and  air  in 
tbe  presence  of  platinum  black,  and  recognized  that  it  was  a  dibasic  acid,  kolbe 
f Tftr^X  K.  -  hi  chloride  by  the  action  of  PC15  upon  calcium  lactate.  This 

Uy  U  foentfoal  wUh  chlorpropionyl  chloride,  and  lactic  acid  is  therefore  monobasic 
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and  must  be  consiclf*rA/l  *»a  , 

aumm-,  monobasic  acid,  meaninTto' bdi^the^fth(l?60)  ^ 

K:?gen,at0™8  is  more  l,as'c  than  the  other  h  Thl  5  ,°ne  °f  ,he  two  typical 
Uic  aCKl  is  both  an  acid  and  an  alcohol  IB  m  U  dec'fr?t,on  of  Kekul*  that 
Strecker  was  the  first  to  synthesize  the  ori  \  r  °'  ^  ,s  more  to  the  point 
mne,  which  had  also  been  prepared  bv  him  5h°m  s{nt|’etlc  amido-lactic  acid  or  ala 
and  aldehyde  ammonia.  *  ^  n  t*irouS*1  the  interaction  of  prussic  add 


eth^  It  is  onnr,  !S  a  Sy™p  Soluble  in  alcohol  and 

l.huric  add  o  P'  !  T,  lnactlve-  Placed  in  a  ^locator  over  sul- 
When  d?«;ikd  Pf  )y,  dfcomPcscs  into  water  and  its  anhydride, 
water  **  ^ie  lactide,  aldehyde,  carbon  monoxide  and 


1  x3°  WI^  sulphuric  acid,  it  decomposes  into  aide- 

nyae  and  formic  acid;  when  oxidized  with  KMn04  it  yields  pyro- 
racemic  acid,  while  with  chromic  acid  acetic  acid  and  carbon 
loxide  are  formed.  Heated  with  hydrobromic  acid,  it  changes  to 
a  brompropionic  acid. 

Hydriodic  acid  at  once  reduces  it  to  propionic  acid,  and  PC15 
changes  it  into  chlorpropionyl  chloride. 


Lactates.  The  sodium  salt ,  C3H503Na,  is  an  amorphous  mass.  Wien  heated 
with  metallic  sodium,  we  get  the  disodium  compound  : 


CH.-CH<g6iNaNa. 

The  calcium  salt,  (C3H5Os)!!Ca  +  5*1,0,  is  soluble  in  ten  parts  of  cold  water,  and 
is  very  readily  dissolved  by  hot  water.  , 

The  zinc  salt,  (C3H503)2Zn  -j-  3H20,  dissolves  in  58  parts  of  cold  and  6  parts  1  1 
water.  The  iron  salt,  (C3H503)2  Fe  +  3 H20. 

The  Optically  Active  Lactic  Acids. 

The  optically  inactive,  fermentation  lactic  acid  contains  an  asym¬ 
metric  carbon  atom  indicated  in  the  formula  CHS .  CH  .  OH .  CO,H 
by  the  small  star.  The  acid  can  be  resolved  by  strychnine  into  two  <■  1 
tically  active  components,— dextrolactic  acid  and  ltevolactic  acid,-" 
with  similar  but  opposite  rotatory  power.  The  strychnine  salt  of  t" 
laevo-acid  crystallizes  out  first  (B.25,  R.  794).  Therefore,  in  the  allow  ¬ 
ing  pages  those  substances  will  be  called  optically  inactive  which  cai 
be  resolved  into  or  formed  from  two  optically  active  isonierides.  calico 
\d  -f*  i  J  modifications.  On  mixing  solutions  of  equal  quantities  o 
laevo-  and  dextro-lactate  of  zinc,  the  zinc  salt  of  fermentation  iaCt'c 
acid  will  be  produced,  and,  being  more  insoluble,  will  crystallize  out. 
The  dextro-  modification  will  remain,  if  Penicillium  glaucum  is  1H>’‘ 
mitted  to  grow  in  the- solution  of  inactive  ammonium  lactate  (B-  *b' 
2720).  The  laevo-rotatory  modification  is  produced  in  the  breaking 
down  of  a  cane-sugar  solution  by  Bacillus  acidi  lavolactici  (B.  24.  K- 
15°)- 
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*  %  •» 

Sarcolactic  Acid,  Dcxtr»lmciic  And .  Pen*I>tctz:  Acid.  disco\ered 
in  1S08  bv  Berzelius  in  the  juice  of  the  muscles,  and  shown  by 
Liebr  (1S48)  to  be  different  from  the  lactic  acid  of  fermentation, 
is  present  in  different  animal  organs.  It  is  most  conveniently  obtained 

from  Liebig’s  beef  extract.  .  . 

Dextro  and  laevo-lactates  of  zinc  crystallize  with  two  molecules  ot 
water— (C,HsO,>*Zn  2HsO.  For  other  salts  consult  B.  29.  R.  S99. 


Homologous  c  Oxy-acids. — The  homologous  c-oxr-aciis  are,  from  the  >ery 
nature  of  things,  either  secondary  or  tertiary  alcohol  acids.  Glycollic  acid  b  the  only 
primarv  a-alcohol  acid,  (a)  The  secondary  alc:hc-l  acids  are  generally  tormed  ( I ) 
from  the  corresponding  a-halogen  fatty  acids  i  method  5)  5  (2)  nt>-'Ieus-synthet'  . 
from  aldehydes  and  prussic  acid,  and  subsequent  saponitication  of  the  nitriles  ot  the 
oxy* acids  by  means  of  hydrochloric  acid  (method  9)-  (f)  The  tertiary  cxx-acids  result 

H)  From  the  oxidation  of  dialkyl -acetic  acid  (general  method  3). 

(2)  Upon  treating  a-ketone  alcohols  with  alkalies  and  air  (method  S>  P-  33°)  • 

(3)  By  the  action  of  prussic  acid  and  hydrochloric  acid  upon  ketones  (method 

9)-  \ 

(4)  When  zinc  and  alkyl  iodides  react  with  oxalic  ester  (method  II,  p.  33 1 1 

Oxybutyric  Acids. — Four  of  the  five  possible  isomerides  are  known ;  two  ot  these 

are  a-oxy-acids :  (i)  a  Ory  butyric  Add ,  CH3 .  CH3 .  CH(0H)C03H,  melting  at  43  , 
has  been  resolved  by  brucine  into  its  opticallv  active  components  (B.  28,  k.  270,  325, 
725).  (2)  a-Oxyisobutyric  Add ,  Butvl-lactinic  Acid,  Acetonic  Acid.  Dimethyl-oxalic 

Acid  [  2  -  Methyl  -  2  -propan  ol  Acid],  (CH34C(OH  iCOOH,  melting  at  790  and  boiling 
at  212°,  is  obtained  from  dimethyl-acetic  acid,  from  acetone  and  from  oxalic  ester 
(see  above) ;  hence  the  names  acetonic  acid  and  dimethyl-oxalic  acid.  It  is  pr  uce 
when  /3-isoamylene  glycol  is  oxidized  by  nitric  acid,  and  is  obtained  from  a-brom-  an 
o  amidobutync  acid,  as  well  as  from  acetone  chloroform. 


Acetone  Chloroform,  (CH,),C<£q  ,  liquid  modification,  boiling  at  170°.  the 
»lid  modification  (+ij4H,0)  melting  at*  79°  and  boiling  at  167 is  a  remarkable 
derivative  of  a-oxyisobutyric  acid.  It  is  the  chloride  of  ort  “ toformic 

(p.  224),  which  bears  the  same  relation  to  a-oxyisobutyric aci  f s  c  Bv  the  action 

acf'd-  It  is  converted  by  aqueous  alkalies  into  a-oxyisobutync  acid.  By  the  *rt.on 
°f  chloroform  and  caustic  potash  the  liquid  modification  is  .  ts  proi  . 

"P  ^er  in  moist  air  and  changes  to  the  solid  variety  (Willgerodt,  B.  20,  244S  ,  9- 

R.  908).  S 


«  Oxyvaleric  Acids  :  „ 

«-Oxy-n-valeric  Acid,  CH, .  CH, .  CH, .  CH(OH) .  CO.H,  mdu  ..  *8-*>  (B. 

“i-oSL. brie  Acid,  (CH.), .  CH  .  CH(OH)  -  CO,H ,  melts  „  86°  (A.  «*. 
20 ;  B.  28,  2061. 

..  '  „.  .  .A  CHS -^aoH) .  CO,II  (A.  204,18). 

Methyl-ethyl  Glycollic  Acid,  <-«  *  H 

Oxycaproic  Acids,  C#H,20, ,  =  ' ^‘wlrrnHl .  CO -H,is  probably  the  so-called 
o  Oxycaproic  Acid,  CHS  •  (Ohj)s  • ,  '  .  ;  f  nitrous  acid.  It  melts  at  730 

leucic  acid,  obtained  from  leucine  by  the  acuo 

(Strecker,  1848).  rriT  1  CH  .  CH,.CH(OH)CO,H,  melting  at  54°,  is 

a-Oxyisobutyl-acetic  dad,  (  ,  y  V  cetjc  acid,  or  isoleucine  (B.  26,  56).  a  Oxy- 
obtained  from  inactive  a-amidois  )  jq  vC(OH)CO.H,  melts  at  8o°  (A.  200, 

diethyl-acetic  Acid,  Diethyl-oxalic  >  J  if  cHfOlfCOjH,  by  the  reduction  of 
21).  n-Oxytertiary-Myl^^^^ this). 

tnmethyl-pyroracemic  acid,  m 

29 
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a-Oxycaprylic  Acids,  a-Oxy-n-caprylic  Acid  CH  fCH  I  PHi'fm  r a  u  t 
oenanthol,  melts  at  6o  c°  Jw rV  ,/■ S'-J n*^H(OH)CO,H,  foon 

Acid  (C  H  \  v  it  r  K  pyl  Glycollic  Acid,  a-  Oxy-di  n-propyl-acetic 

>  C02H,  from  butyroin  (p.  317)  melts  at  72°  fB  24  1271 

°P*lto  iC\'  <V1°Xy‘di'is?ProPy1-acetic  Acid,(C3H)1C(OH)C<^H,  Jits 
II40  B'  8’  463^'  Dl'lsobutyl  Glycollic  Acid  (CtH9)2(^OH,CO.H;  melts  at 

a-Brom-fatty  acids  have  yielded  the  following:  a-oxymyristic  acid  C..H_fOH  .- 
COjH,  melting  at  510  (B.  22,  1747);  a-Oxypalmilic  Acid.  C,5H„fOH  COjH. 
melting  at  82°  (B.  24,  939) ;  a-  Oxystearic  Acid ,  CpH^OHjCOjH,  melting  at  84-S65 
(1>.  24,  2388). 

In  the  following  pages  those  a-oxy-acid  derivatives  will  be  described  which  belong 
to  glycollic  and  lactic  acids. 

Alkyl  Derivatives  of  the  a-Oxy-acids. 

A  single  a-oxy-acid  yields  three  kinds  of  alkyl  derivatives:  ethers,  esters  and 
ether-esters  : 


COOH 


OH 


<!:h. 


Glycollic 

Acid 


COOH 

6h2  .  o .  c2h5 

Ethyl  Glycollic 
Acid 


COOC2H5 

£h2oh 

Glycollic  Ethyl 
Ester 


cooc,h5 

6j2.O.C,Hj. 

EthvI  Glycollic 
Ethyl  Ester. 


(0  The  alkyl  ethers  of  the  a-oxy-acids  are  obtained  (1)  by  the  action  of  f0^,  , 
alcoholates  upon  salts  of  the  a-halogen  substitution  products  of  the  tatty  acids, 
by  the  saponification  of  the  dialkyl-ether  esters  of  the  a-oxy-acids. 

Methyl-ether  Glycollic  Acid ',  CH,OCH2  •  COOH,  boils  at  198°.  Ethyl  Uyco 
Add  boils  at  206—207°.  a- Eth oxyl- -propion ic  Acid ,  CH3CH(OC2IIj)  .  t-C3  > 
with  partial  decomposition  from  195-198°.  .  . . 

(2)  Alkyl  Esters  of  the  a-oxy-acids  result  (1)  on  heating  the  free  acids  ^ 

lute  alcohol;  (2)  when  the  cyclic  double  esters,  the  lactides,  are  heated  with  c.  cm 
Glycollic  Methyl  Ester,  CH2(OH)COOCH3,  boils  at  15 1 °.  Glycollic  Ethyl  x. 
boils  at  1600.  Lactic  Methyl  Ester ,  CH,CH(OH)C02CH,,  boils  at  145 

Ethyl  Ester  boils  at  154.5°.  jco- 

(3)  The  dialkyl-ether  esters  of  the  a-oxy-acids  are  produced  (1)  when  sodumi 
holates  act  upon  the  esters  of  a-halogen  fatty  acids;  (2)  by  the  interaction  o 
ogens  and  the  sodium  derivatives  of  the  alkyl  esters  of  the  a-oxy-acids. 

Methyl  Glycollic  Methyl  Ester,  CH-lOCH,) .  COOCH,,  boils  at  127°. 

Ethyl  Ester  boils  at  131°.  FtkJ 

Ethyl  Glycollic  Methyl  Ester,  CH,(0 .  C-IUCO .  OCH,,  boils  at  14®  •  . 

Glycollic  Ethyl  Ester  boils  at  1520  (B.  17,  486).  Methyl  Lactic  Methyl  Ester, 
CH(OCHs)COOCH3,  boils  at  135-138“  Ethyl  ester  boils  at  l35-5°-  Eth>1  L 

Ethyl  Ester,  CH3 .  CH(OC3H5) .  COOC3H5,  boils  at  155°  (A.  197.  2I)- 


Anhydride  Formation  of  the  a-Oxy-acids. 

I  he  ethers  of  the  alcohols  may  be  considered  as  their  anhydride5? 
for  they  sustain  the  same  relation  to  the  alcohols  as  the  anhydrides  01 
the  mono-carboxylic  acids  bear  to  the  latter.  When  in  the  an¬ 
hydride  formation  one  molecule  of  an  alcohol  and  a  molecule  ol  2 
carboxylic  acid  combine,  the  product  is  an  ester.  As  the  a-alcobol 
acids  exhibit  both  the  character  of  a  carboxylic  acid  and  that  of  an 
alcohol,  it  is  possible  to  have  all  these  varieties  of  anhydride  forma¬ 
tions  occurring  with  an  a-oxy-acid.  Glycollic  acid  has  been  most 
thoroughly  studied  in  this  direction. 
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X.  o<g**  '  qx>2  Alcobo'  anhydride  of  glycollic  add  :  Diglycollic  Acid. 

2.  22  ^!£>0  Glycollic  “hydride  is  not  known. 

-  0^:^>0  Alcohol-  and  acid-anhvdride  of  glycollic  acid :  Diglycollic 
*  M:HiCO  Anhydride. 

4.  2o  CO*  Ol  Open  ester  acid  :  Glycollo-glycollic  A  Ad. 

v  Closed,  cyclic  double  ester  of  glycollic  acid  :  GlycoUtde , 

**  simplest  Lactide. 

Diglycollic  Acid,  C4HS05,  the  alcohol  anhydride  of  glycollic  acid  is  tormed 
00  boiling  monochloracetic  add  with  lime,  baryta,  magnesia,  or  lead  oxide  (also 

with  glycollic  add),  and  in  the  oxidation  of  diethylene  glycol,  ^h!  OH 

(p.  295 ).  Diglycollic  acid  crystallizes  with  water  in  large  rhombic  prisms,  which 
melt  at  148°. 

Diglycollic  Anhydride,  0<£2:C0>0,  meldng  at  97°  and  boiling  at  24°°' is 

isomeric  with  glycollide.  It  is  obtained  from  glycollic  acid  by  a  simultaneous  alcohol- 
anhydride  and  acid-anhvdride  formation.  It  also  results  upon  heating  diglycollic  acid, 
or  by  boiling  h  with  acetvl  chloride  (A.  273,  64). 

Dilactytic  Acid,  OiCH, .  CH .  COO  III,,  has  received  little  attention. 
Glycollo-gycoUic  Acid,  CHjOH).COOCH,COOH.  generally  termed  glycollic  anhy¬ 
dride,  and  Lactylolactic  And,  CH,CHfOH)COOCH^H,)COOH,  commonly  called 
lactic  anhydride,  have  not  been  well  studied.  They  are  produced  when  the  tree 
c-oxyacids  are  heated  to  ioo°.  They  constitute  intermediate  steps  in  the  lactice 
formation  (B.  23,  R.  325). 

Lactides :  Cyclic  Double  Esters  of  the  a-Oxyacids. 

Dig.’ycoUide, 0<^q*^1  >°>  meldng  at  86°,  is  produced  when  polvglycollide  is 

distilled  under  greatly  reduced  pressure.  When  heated  at  the  ordinary  pr<.a>ure,or 

if  preserved.it  reverts  to  polvglycollide,  from  which  it  differs  y  1  ; 5  ow 

point  and  ready  solubility  in  ch  oroform.  It  combines  rea  1)  "*  t*  ’ 

(C,H,OtK  melting  at  223°,  is  formed  on  ^^^0°  g\%omc 
and  when  dry  sodium  chloracetate  is  heated  alone  to  5  •  P 

esters  when  heated  with  alcohols  in  sealed  tubes  (A.  279*  45  • 

Lactide,  0<^'CH,)CO>0i  BeUingat  125«,  boiling  a.  W  (7&»  -I,  -38° 

(t2mm.)(B.  28,  2595),  results  on  healing  hctic  acid  finder  dnmnisbed^  ^  a6,  . 

CaQ  be  recrystailized  from  chloroform  (A.  167,  >  •>’  J 


i  recrystailized  from  chloroform  (A 
A.  279,  100,  for  homologous  lactides. 


-  ,  —  cere  ~  COOCH,  ^3^  and 

Cyclic  Ether  Esters.—  Glycollic  Ethylene  Ester,  ^qch, 

boils  at  2140  (B.  27,  2945). 

Methylene  Lactate,  cH  ^>CHJ*  boils  at  I53°  **’  R  " 

3  COO  c„  toning  at  i5i°.  ^  when 

iernv  EMbm  CH,inO>C  ‘  ’  Its  her.cblor-derir.liee  is 

lactic  acid  and  acetaldehyde  are  heated  to 

chloralide  (p.  340). 

Acid  Esters  of  the  a-Oxyacids  (pp.  i^^b  }  COOH,is  ayehow  liquid, 
A line  Lactic  Ester,  Nitrolact.c  acid, .  C.  ,  •  ^  prussIC  acids  (B.  12,  j7)- 

decomposing  at  the  ordinary  teniperatu 
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Acetyl  Gly collie  Acid ,  CH20(C0CH3)C00H,  is  obtained  from  glycollic  acid  and 
acetic  anhydride.  The  ethyl  ester,  CHlO(COCHa)COOC1HM  boils  at  179°.  Acet-A 
Lactic  Acid,  CH3CH(OCOCH3)COOH,  is  present  in  beef  extract  lb  22  nit 
The  ethyl  ester,  CH3  .  CH(OCOCH3)COOC3H5,  boils  at  1770.  ’  ‘  ih 

Halogen  a-Oxyacids. 

Monohalogen  Ethidene  Lactic  Acids — $-Chlorlactic  Acid,  CH.C1  CH- 
(OH) .  COjH,  melts  at  78°.  ji-Bromlactic  Acid,  CH2Br.  CHOH  .  CO,H.  melts’  at 
89°.  fi  lodolactic  Acid,  CH3I .  CH(0H)C02H,  melts  at  loo°.  These  three  acids  bare 
been  prepared  by  adding  hydrogen  chloride,  bromide  or  iodide  to  epihydrinic  or 

glycidic  acid,  (!;H2CH(0)C02H. 

/3-Chlorlactic  acid  is  also  formed  from  monochloraldehyde  by  the  action  of  hydro¬ 
cyanic  acid  and  by  the  oxidation  of  epichlorhydrin,  <^H2CH(6)CH2C1,  and  a cblor- 
hydrin,  CII3C1 .  CH(OH) .  CH2 .  OH,  with  concentrated  HNO, ;  as  well  as  by  the 
addition  of  hypochlorous  acid  to  acrylic  acid  (together  with  a-chlorbydracryiic 
acid). 

Silver  oxide  converts  it  into  glyceric  acid ;  when  reduced  with  hydriodic  acid  it 
becomes  /?-iodpropionic  acid.  Heated  with  alcoholic  potash  it  is  again  changed  to 
epihydrinic  acid  (see  above),  just  as  ethylene  oxide  is  obtained  from  givcoichior- 
hydrin  (p.  298). 


Higher  halogen  substitution  products  of  the  a-oxyacids  have  been 
prepared  by  the  gradual  treatment  of  halogen  aldehydes,  like  dichlor- 
aldehyde,  chloral,  bromal,  and  trichlorbutyric  aldehyde  with  hydro¬ 
cyanic  acid  and  hydrochloric  acid.  Trichlorlactic  acid  has  been  the 
most  thoroughly  studied. 


P  Dichlorlactic  Acid,  CHClt .  CH(OH) .  C03H,  melts  at  77°. 

0;Trichl°rlactic  Acid,  CCl3.CH(OH).C02H,  melts  at  1050- 
110  ,  and  is  soluble  in  water,  alcohol  and  ether.  Alkalies  easily 
change  it  to  chloral,  chloroform  and  formic  acid.  Zinc  and 
,y  rochloric  acid  reduce  it  to  dichlor- and  mono-chloracrvlic  acids 
*8l\  itS  fhyl  ester  meltsat  66°-67°,  and  boils  at  235°.  The 
S  T1?™  of  preparing  it  consists  in  heating  chloralcy  an  hydrin 
with  alcohol  and  sulphuric  acid  or  HC1  (B.  18,  754). 

readily  bv  differ?' ^fCt'c  a^'d  chloral  without  difficulty,  it  is  converted  qwte 

S?oximesyw1L  hvdrr???  ,0nS’  lnt°,  derivatives  of  chloral  aid  glyoxal.  It  forms 
glyox.mes  w.th  hydroxylam.ne,  and  glycosin  with  ammonia  (p.  321,  and  B.  17. 

Chloralide,  Trichlorethidene-trichlor lactic  Ester,  CC13 .  CH<.  °  >CH  .  CC13,  was 

thlnrtrichlorlactkaacid  i“?oSlphuP‘ c  acid  10  io5°-  and  subsequently 

1 140  and  boils  at  2720  Whfnk.  ,  j  to  *5°  W|tb  excess  of  chloral.  It  me.ts  at 
lactic  ester  and  chloral  alcoholatelwallt?!  akoho1’  h  breaks  UP  into  ‘rich  lor- 
lactic  and  other  oxyacids,  like  glycollic  m»r  ’  *  Chloral  also  unites 

chloralides  (A.  193,  1).  ^jcolhc,  malic,  salicylic,  etc.,  forming  the  so-called 

Perchlorethidenc-, rich  lot, actic  Es.cr,  Ca,CH<C°.>CC,.  CO,  boiling  - 

<*•%.  „„  ‘  . 

chloral  and  bromal  to  corresponding  chloralides  an^bre  **  au<*  un*tcS  ** 


hydracrylic  acid. 
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Acid.  CHj.CQ,.  CHQ.CH.OH) .  CO,H.  m*s  140° 


£_Oxy carboxylic  Acids. 

Generaulv  the  p-oxy  carboxylic  acids,  when  heated,  F^  w::n  water 
iii.  beccme  nnsar-iraxed  olefine  carrcxylic  acid> . 


CHjOH .  CH. .  COjH 


— H<0 


Earles*  Lm-jc  Acid  acHydrxcrylk:  Add 


CH,  =  CHCOjH 

Acrrlic  AckL 


In  the  case  of  the  higher  homologoes  of  ethylene  lactic  ac  c.  ^  hen 
viler  is  eliminated,  both  aj-  and  py-olenne  carboxylic  acids  yB.  26, 
2079)  resell.  The  mdSm&yif  axyhOyri*  mads ,  resulting  from  the 
redaction  of  dialkyl  acetoaceuc  esters,  decompose  with  difficulty  on 
the  application  of  heat:  the  products  being  aldehyde  and  dta4. v • 
•cede  adds  : 

CHjCH  OH  fC<^’|l:  =  CH, .  CHO  +  (C.Hs\CHCOtH 

bt  y  dcAdd*  Diethyl  Acetic  Add. 


3-Oiradds  sre  produced  (method  i)  in  the  oxidation  of  primary- secondary  and 
?4=irv-:erdarv  g>cok;  method  2}  p.  329)  by  the  redocioo  of  5-ketooe  cvboxyhc 
secnodirr  omcid$\,  and  method  3)  on  botang  J;  -  or  Aj-olenne  c^r.*.  xy 
vrdj  caxsJK  soda.  Furthermore,  zinc'  and  the  esters  of  the  monohalogen  ratty 
bcomfcobumic  ester— combine  with  aldehydes  (isobatyl  aldehyde!  to 
secooiair  3-oxvsods.  and  with  ketones  to  form  tertiary  voxyaods  a», 

2S3S,  2S421.  * 


Ethylene  Lactic  Acid,  Hydracrylic  Acid  [3-Propanol  Acid]. 
CH^OH).CH,CO.H.  is  isomeric  w  ith  ethUcne  iactu  acid  or  the  lactic 
***4  of  fermentation,  and  is  obtained  (1)  by  the  oxidation  or  tnmethv  1- 
ene  glvcol;  (2)  from  ,5-iod  propionic  acid,  or  ,5-chlorpropiomc  ac 
*ith  moist  silver  oxide  ;  (%)  from  acrvlic  acid  by  heating  with  aqueous 
sodium  hvdroxide  to  ioo° ;  (4)  by  the  saponification  of  ethylene 
cyan  hydrin  with  hydrochloric  acid.  This  reaction  completes  the 
synthesis  of  ethvlene  lactic  acid  from  ethylene : 


CH,CN 

CHjOH 


CHjCOjH 

"^£h,OH 


The  free  acid  yields  a  nonK^ptall.aable  th.ck  5>^up  \\-hen  heated 
alone,  or  when  boiled  with  sulphuric  acid  (diluted  with  .  part  H.O), 
it  loses  water  and  forms  acrylic  acid  (hence  the  name  hydracrylic  acid. 

Hvdriodic  acid  again  changes  u  to  /Modpropiomc  acid.  It  yields 
oxalic  acid  and  carbon  dioxide  when  oxidized  with  chromic  acid  or 

nitric  acid. 

•n,-  Mir  C,HsO,Na.  melting  at  142-143° -  and  the  erntaum  salt,  (C,HsO,V 

Ca  —  2^0.  fusing  *t  140-145°.  'Brben  heated  above  then  melong  points  pass  into  the 
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corresponding  acrvlates.  The  sine  salt  fC  II  O  'i  7n  _u  ,no  ,  . ,  . 
arul  alcohol,  whereas  the  latter  precipitates  zmcVlaLe  anll  Hwf  *" 

jS-Oxybutyric  Acid  [3-Butanol  Acid],  CH,.CH(OH).CH,.  CO.H  fcomMn. 
'V2  or  1  ie  'soinensin),  Is  formed  by  the  action  of  sodium  amalgam  upon  aeeto- 
acetic  ester  (see  tins),  by  the  oxidation  of  aldol  (p.  321)  with  silver  oxide  and 
from  a  propylene  chlorhydrin,  CH..  CH(OH) .  CH,C1,  by  the  action  of  CNK 
and  subsequent  sapomhcation  of  the  cyanide.  It  is  a  thick,  non- crystal  liable 
svrup,  which  volatilizes  with  steam.  When  heated  the  acid  decomposes  1  like  all 
o-oxy  acids,  p.  334^  into  water  and  crotonic  acid,  CHS.  CH  :  CH  .  CO,H.  An  opti 
C;*  •  a.tive  o  oxybutyric  acid  has  been  isolated  from  diabetic  uiine  iB.  18.  R 
450-  v 

ft'Oxjnstimtyric  Acid,  I10CH,-  r„rr,  „  . 

CH* >CHCO,H,  is  not  known. 

f?-0.rv* valeric  AM,  CH..*CH,.  CH(OH).  CH,.  CQ.H  (A.  283,  74.04). 
a AMAjA^-oxjAtitynt  AM,  CH.,CH(OH) .  CH(CH.) .  CO,H  (A.  a5o.  244). 
p'O.yyisK'a/tric  Ana,  (CHs),C(OH)CH,  .  CO,H,  results  when  isobutvl  formic  acid 
is  oxidized  with  KMnO,  (A.  aoo,  273). 

p-Oxy-n-Cofnri*  AM.  CH,.  CH,.  CH,  .  CH(OH)CIl,CO,H.  is  formed  on  boil- 
lng  bydrosorbic  acid  with  caustic  soda  (A.  283,  124).  <1  AV4i/-T<\»;.Wr  ».  Ana. 

t  H,.  I  H(OH)  .  CH(C,H.)  .  CO,H  (A.  188.  240I.  -.Ww  A. u, 

CH,  -  CH,CH(OH)CH(CH,) .  CO,H  (B.  20.  1 321). 

fi-Oxrisoapnmc  AM,  (C1U,CH  .  Cli(OH) .  CH, .  CO,H  (B.  29.  R.  e6;\ 
ft~Ojcris*A*pty/u  AM,  (Cll,),CH  .  CII, .  CHiOH) .  CH,.  CO,H.  melts  at  tq* 
(A.  2S3.  143). 


Wrn.-  AM,  CH,CH(OllY.  C(CH,  )(c”rt  .K'0"h  I  A.  188,  200  V 
eti.lf**  Lottie  AM,  (CH,),C(OH)C(CH^),<X>,H,  melting  at  152°  (B.  28.  -'SM  • 
yields  tO,  and  dimethvl  isopropyl  carbinol  when  heated.  ft-O.w 
(CH,\C11 .  CH,.  ClI,C'H(OHKH,CO,H.  melts  at  36°  (A.  283.  -'Sr'. 

xrtmfyrk  ‘  ‘  ”  ~ . .  ' 

2SS).  «-AVMlv.kuy4*/iri,'  .■ . ,  . 

oS\.  «-Dim<t Irr/  jS  ZiV/no/rZ-erAy/ewe 
CO,H.  melts  at  920  (B.  aS.  2S43). 


I(OH)CH,CO,H,  melts  at  36°  (A.  283.  2Sr 
*trr*  AM.  CH, .  CH(Oll).  C(CH,)(C,H.KX1,H  (A.  2£ 
i  n\  AM,  CH.CH(OH)C(C,H.),ClXH  (A.  ao»v°5:. 
vl-ttArlau  La.tic  AM.  (CH^,CH .  CH(OH).  <-(01, ,  •* 


The  r-  and  d-Oxyacids  and  their  Cyclic  Esters,  the  y-  an 
^-Lactones. — The  y- and  £-oxyacids  are  distinguished  from  ’•  ■  '  ‘l 
and  /J-oxyacids  by  the  fact  mentioned  (p.  3  34)  that  they  are  cap-1- 
of  forming  simple  cyclic  esters,  when  the  carboxyl  group  enters  into 
reaction  with  the  alcoholic  hvdroxyl  group.  This  is  a  reaction 
that  is  accelerated  by  mineral'  acids'  in  the  case  of  the  formation 
of  the  ordinary  fatty  acid  esters.  The  cyclic  esters  of  the  y-  and 
d-oxvacids  are  called  y-Lactones  and  d  Lactones.  In  the  n«> 
we  have  a  chain  of  tour,  in  the  second  a  chain  of  five  carbon  atom* 
closed  by  oxygen*  They  sustain  the  same  relation  to  the  oxkl<^ 
they-  and  ^-glycols,  and' to  the  amkvt/nt/es  of  Me  y-  anJ  <W>'.dr.y 
tm'Js.  that  the  oj>en  carboxylic  esters  bear  to  the  ethers  of  the  aicot^'' 
and  tatty  acid  anhydrides.  Suppose,  for  example,  that  a  hydrv'J^v 
atom  h.ts  been  removed  from  each  methyl  group  in  the  fornm 
ethyl  ether,  acetic  ethyl  ester  and  acetic  anhydride,  and  the  meih>  -1'  ^ 
residues  are  then  joined  to  each  other,  we  then  arrive  at  the  forma  a. 
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of  tetramethylene  oxide,  r-butyrolactone  and  succinic  anhydride.  The 
following  scheme  represents  these  relations : 


CII..CH,  Q 
Ethyl  Ether 

CHj . CH, 
CH,.CH, 

Tetramelhylene  Oxide 


CHjCO 

ch,.ch2>u 

Acetic  Ethyl  Ester 

aCH,CO 

pCH,CH,y 

y-Butyrolactone 


CH,CO  0 

ch3co>u 

Acetic  Anhydride 


CHjCO 

tH,CO 


>0 


Succinic  Anhydride. 


This  lactone  formation  occurs  more  or  less  easily,  depending  upon 
the  constitution  of  the  y-oxyacids.  The  very  same  causes  which 
influence  the  anhydride  formation  with  saturated  and  unsaturated 
dicarboxylic  acids  (see  these),  exert  their  power  with  the  y-oxyacids. 
It  has  been  seen  “  that  increasing  magnitude  or  number  of  hydrocarbon 
residues  in  the  carbon  chains  closed  by  oxygen  favors  the  intramo¬ 
lecular  splitting-off  of  water  with,  the  y-oxyacids”  (B.  24, 1237).  When 
the  y-oxyacids  are  separated  from  their  salts  by  mineral  acids  they 
break  down,  especially  on  warming,  almost  immediately  into  water  and 
lactones.  It  is  only  when  the  latter  are  boiled  with  alkaline  carbonates 
that  they  are  converted  into  salts  of  the  oxyacids.  This  is  more 
readily  accomplished  through  the  agency  of  the  caustic  alk.dies.  I  he 
/'-lactones  are  characterized  by  great  stability.  They  are  partially 
converted  into  oxy-acids  by  water,  but  this  only  occurs  after  pro¬ 
tracted  boiling,  whereas  those  of  the  5-variety  gradually  absorb  water 
at  the  ordinary  temperature  and  soon  react  acid  (B.  16,  373). 


History. — The  first  (1873)  discovered  aliphatic  lactone  was  butyrolactone,  obtained 
by  Saytzeff,  who,  however,  regarded  it  as  the  dialdehyde  of  succinic  acid.  Erlen- 
meyer,  Sr.  (1880),  expressed  the  opinion  that  lactones  could  only  exist  when  they 

contained  the  group  6  —  C _ C  —  Cot>,  which  is  present,  as  is  well  known,  in  the 

anhydrides  of  succinic  acid  (B.  13,  305).  Almost  immediately  afterwards  J.  Bredt 
demonstrated  that  isocaprolactone,  from  pyroterebic  acid,  was  in  fact  a  y-lactone  (B. 
13.  748).  Fittig,  as  the  result  of  a  series  of  excellent  investigations,  established  the 
genetic  relations  of  the  lactones  to  the  oxyacids  and  unsaturated  acids,  and  taught  how 
this  class  of  bodies  could  be  produced  by  new  methods.  E.  Fischer  has  shown  that 
polyoxylactones  play  an  especially  important  r6le  in  the  synthesis  of  the  various 
varieties  of  sugar. 

The  following  methods  answer  for  the  formation  of  the  y-oxycar - 
boxylic  acids  and  their  cyclic  esters — the  y-lactones : 

(1)  By  the  reduction  of  the  y-ketone  carboxylic  aculs  with  sodium 

amalgam : 

CH  rn  CH  CH  COOH  4-  2H  =  CH8  .  CH(OH) .  CH2 .  CH2 .  C02H 
tHj.CO.  CHj.tHj.tUU  t  8  7-Oxyvaleric  Acid. 

Laevulinic  Acid 

(2)  From  the  y-halogen  fatty  acids:  (a)  by  distillation,  when  the 
lactones  are  immediately  produced : 

CICH,  CH,  •  CH,CO}H  ^  ill2CH2C  IIaCO(S  -)-  HC1; 

(f)  by  boiling  them  with  water,  or  with  caustic  alkalies,  or  alkaline 
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carbonates.  In  the  latter  case  r-lactones  are  even  produced  in  the 

(3)  From  unsaturated  acids  in  which  the  double  union  occurs  in  the 
\  °,r  ^-position  and  from  the  Afr-  or  J^-unsaturated  acids  • 

O)  by  distillation  ; 

(t>)  by  digesting  them  with  hydrobromic  acid,  when  an  addition 
and  separation  of  hydrogen  bromide  occur ; 

0)  by  digesting  them  with  dilute  sulphuric  acid  (B.  16,  w,  18 
R.  229 ;  29,  1857):  v  ’ 


CH2  =  £hch  ,CH,CO,H 

Allyl  Acetic  Acid 


-4-  CH3 .  CH  .  CHj .  CHjC0(5 

y-Valerolactone. 


(4)  By  the  distillation  of  y-lactone  carboxylic  acids  (splitting-off 
01  C()2  and  the  formation  of  /'-lactones),  whereby  the  isomeric 
unsaturated  acids  are  also  produced  (pp.  278,  284)  : 

|  ” — - - -  - 

CH3>C  •  CH(COOH) .  CH2COO  - J-  .  CH3 .  CII2 .  COO  +  COj. 


Terebic  Acid 


Isocaprolactone. 


( owl?&  reachons  have  been  applied  in  special  instances : 

15)  ne  reduction  of  the  chlorides  and  anhydrides  of  dibasic  acids — ^ie 
pro<  uction  of  y-butyrolactone  from  succinyl  chloride  and  from  succinic  anhydride 
(B.  29,  1192).  J 

1  } he  decomposition  of  the  reaction-products  resulting  from  the  action  of 

halohydrins  upon — 

(a)  Sodium  acetoacetic  ester, 

(^)  Sodium  malonic  ester. 

Nucleus-synthetic  Methods  of  Formation  : 

/  z*nc  alky]s  uPon  the  chlorides  of  dibasic  acids, 

nitriles  *  V  uPon  y-halohydrins,  and  subsequent  saponification  of  the  resulting 


Vie ,  Jess  known  S-oxyacids  have  been  prepared  by  the  distillation 
of  d-chlorcarboxylic  acids,  or  by  the  reduction  of  ^-ketone  carboxylic 
acids. 

Nomenclature.— r- Lactones  may  be  viewed  as  a-,  /?-,  and  y-alky1 
su  )stitution  products  of  butyrolactone,  and  may  be  named  accord- 
inS  y  \  thus,  y-methyl  butyrolactone  for  valerolactone  : 


a 


ch2  .  CO 
til,.  CH, 

0  V 


>0 


L  2  >0 

CII2 .  CH— 

0  v 


CH3. 


r  Jhe  “JGe,neva  names”  terminate  in  “  olid  ”  :  thus,  butyrolactone  = 
L Butanoltd]  ;  valerolactone  =  [i  .4-pentanolidl. 

. toperties  of  they-  and  ^-Lactones.  They  are  usually  liquid  bodies, 
easily  soluble  in  water,  alcohol,  and  ether.  They  show  neutral  reaction, 
possess  a  faintly  aromatic  odor,  and  can  be  distilled  without  decom¬ 
position.  The  alkaline  carbonates  precipitate  them  from  their  aqueous 
solution  in  the  form  of  oils. 


LACTOSES. 
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r  Tbf- it  pntsaCT  czn-rsrza:  into  tie  csxiesfead- 

l»W witfc  «r-  A  ^  of  eq*SbM  «« 
i  .--  b  --.d  trlpencec  be  the  in:e  cw  s-cohe*  mdicals 
•  It  r-iacuooes-  .2)  The  betoaes  are  ersarred  with 
£ic£rrbylfce  ?cd~e  carixmsGes  into  sals  of  tie  czrrespinning 
-^rWk  (B.  25.  R.  &4=  I,  Tleras  tbe  causnc  alinles  and  baryta 
xssb  eSb'X  d  mare  readilr.  (3  *  Many  y-lacrznes  combine  w-.tl 


- -  — - — — 

x  iliTtnz  ttdrodloric  or  hpbobroouc  acid  to  act  upon  tie  lact  rnes 
-  sac  presence  of  alcohoL  Tien  tie  alkj!  c*hm  of  tie  correspond- 
■gyCiCT-  and  ytemi  filly  acids  are  formed  B.  16,  515  - 


•mrh 


wmmamm l 


fat  there  b  sd  secarsritE:  of 


Sartos  cx»kae  r^isr  &  iaSarace  cf 

# ha  trezeei  wr±  ac&,  gTg  of  vaftcr  occss.  *z*d  icoes  *r~  cre- 
of  the  oxrijc^ed  residues  of  two  poked  es  of  kesooe-  Wbe: 

bcied  with  btae?.  oijrirbciydc  sdis  rcssii  wiai 
®  2T-»x.  5ai de  :as  gr~j  (sec  bse  ^  ccn^Tis  of  diair£gcx>es , 


^h.ch_ch.ch,.ooo 


—  &O 


>CHJ.CHO.CH1.CHs.CrC<  * 


CH.CHCH, 


CB,  CHO  ca^yc  -  c<C°»CH4OH  .  CHOtCH^CfCH^OCH, 


a\H 


7' Lactones. 


Bntyrolactone  [Batanolid].  CH,. CH,.  CH,.COO,  boiling  at  206®, 

",  y  f  a 

-1*  oeen  obtained  (1)  by  letting  sodium  amalgam  and  glacial  acetic 
ac~  »  on  soccinyl  chloride  (A  171,  261);  (2)  from  bctyrolactone 
Orioiylic  acid  (see  this),  br  tbe  sputting-off  of  CO,  (B.  16.  2592  ; 
->  ^5  tie  distillation  of  j  chlorbctyric  acid  (B.  ig,  R.  13) :  (4)  from 

C  _  -»  I —  m  ■ -  a  _ *»  *  —  -.  r.  fl..  r.»  *"  n»-l«  lrri T-!  T"» 


cxrthyl  acetcacetic  ester,  tbe  reaction  product  of  ethylene  chlorhydrin 

^  —  <lCC^_Cru~r 1 1 1  Ar*Ar  K«r  /^a^ctmnchCTnrr  it  wi Karvta  f  R  T 8  R  t  ! 

(5)  br  tr 
R-  286). 


acetoacetic  ester  by  decomposing  it  with  baryta  (B.  18,  R-  26  ; 
t)  by  treating  j-\  benoivbatyric  acid  with  hydrobromic  acid  (B.  29, 


7-Valenrfactone  [i-4  PtotaaoBd],  CH, .  CH .  CH, .  CH,  COO,  boCicg  at  aoo3, 

{  y  a  & 

in  oak  wood  TEK^zr,  aad  mar  be  prepared  (I  by  tbe  reduction  of  IrrLisk 
^-^CHjCO.  CTij .  CH, .  CO;H  (A.  '208.  104) ;  (2*  by  boOing  allyl  aceticaod  with 
®^*Lpbric*ad;  (3  when  7-broojvaleric  acid  is  bailed  wim  water;  *4  on  heat - 
*®g  7-oxjpropT'  malefic  lactone  to  220?  C.  (A-  216.  56)  ;  (5  and  in  snail  qaanrides 

®heu y?^afnrir  add.  CHj  -  CH  -  CH ( OOaH) .  CHj  -  OOO,  is  distilled  A_  255* 
25  Df  rL#  tnik  acid  oxidizes  y-rakrobacne  to  ethylene  socenic  acid,  while  HI 

I 

cocTcrts  it  n-T2kric  acid.  e-Metfcyl  botji  ohdcoe,  CHj  -  CH^CH  (CHjj .  COO, 
bo  _5  ai  20I'  (B.  2S,  10;  29,  H94J- 
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Caprolactones. — y^-Caprolactone,  methyl  butyrolactone,  [,.4.^], 

b°il!ng  at  220°’  is  formed  by  the  general 

acid  and  giactonic  acid 

— ^Methyl  valcrolactone,  ft  y  -  Dimethyl  butjTolactone,  CH3.  CH .  CHCH,)- 

CH^COO,  boiling  at  209°,  is  obtained  from  /3-acetobutyric  acid.  a-Ethyl-butyro- 

lactone,  CH, .  CH, .  CH(C,Hs)CO(!),  boiling  at  2150,  is  formed  from  ethoxy-ethyl 

fn,f°f C,et/'o CSter'  ay-Dim't*yl-butyrolactoniy  CH3 .  <^H.  CH..CH (CH.)COO, boil- 
g  at  -.00  ,  is  prepared  from  aceto-isobutyric  acid. 

Isocaprolactone,  (CH,),C.  CH,.  CH, .  COO,  melting  at  7°  and  boiling  at  207°, 
is  produced  together  with  pyroterebic  acid  in  the  distillation  of  terebic  acid.  (See 
general  method  4,  p.  343.)  Pyroterebic  acid  itself  passes  on  long  boiling  into 
isocaprolactone.  It  can  also  be  obtained  from  isobutyric  aldehyde,  maionic  acid,  and 
acetic  anhydride  (B  29,  R.  667). 

_ Hcptolactoncs.  y  n  Heptolacton* ,  y-n -Propyl  butyrolactone,  CH3.CH2.CHj- 

CHCH2C  HsCOO,  boiling  at  2350,  is  obtained  from  >  bromoenanthic  acid,  from 
n  prop)  Iparaconic  acid,  and  from  dextrose  carl xxxvlic  acid,  as  well  as  from  galactose 
carboxylic  acid  on  treatment  with  hydriodic  acid  (B.  21,  91$).  y-Isopropylbutyroto- 

(0Hfy  CHCHjCH^CCk!),  boiling  at  224°,  is  formed,  along 

isoneptylic  acid,  from  isopropyl  para  conic  acid,  a- Ethyl  VaUroluctonc, 

k  Ll.V  CH(C,H5)COO,  boiling  at  2190,  is  obtained  from  n-ethyI-/?-acetopropionic 

acid  and  trom  allyl  ethyl  acetic  acid  by  general  method  3  (B.  29, 1S57).  a-Dimithy 

Valtrolacton*,  CH,.  <bn  .  CH, .  C(CH3),CO<!),  melting  at  52°  and  boiling  at  S6° 

{  5  n*m. ),  may  be  obtained  from  a-dimethyl-kevulinic  acid  or  mesitonic  acid  t 

Octolactones.  y-lsoiu/ylbutyrolactoHt,  (CH3),CHCH,CHCH3CH,C06,  * 
ained  from  isobutylparaconic  acid,  a- Profykalerolactone  boils  at  233°  “ ,  ;  ’ 

/>>-. valerohu  tone  boils  at  224°  f  B.  29.  1S57/2001).  a-Ethy!-3-mtthykalerohJ^ 

CH,CH.  CH(CH,)CH(C,Hs)COO,  boiling  at  226-227°,  is  obtained  from  aethy - 

fmm’>^'°^Pi!0nil!Cid'  V&rtylhdr+ame,  C(C,H5),CILCH,COO.  j»g* 
“Jo  >  has  been  prepared  from  succinyl  chloride  and  zinc  ethide.  a  • 

T^ohUyttM/yrolattont,  (CH3),CH  .  CH,  .  CH  .  CH,  .  CHfCH.) .  COO,  has 

t‘uned  from  "-methylisobut vliia raconir  acid.  y-Hexylbutyrolactone.  1  5 

(CH,),  .  tHCH,CH,CO<b,  boils  at  2S10  C. 
d- Lactones. 

tionCeI?a/h.aHphatiC  <?  ',aC,0TS,T  known-  Thev  have  been  prepared  by  the  d*®* 
tion  ol  the  corresponding  d-chlor-acids.  or  by  the  reduction  of  d-ketone  carboxyl* 

acids  (see  these):  6-  /  CH,CH,CH,  .  COtS,  boils  at  230°  * 

2574).  i-C+rtimctme,  CH,  6h  CH, ,  CH,  .  CH, ,  COl),  melts  at  130  *nd  ** 

2”5°-  y- EMyf- d;{j  .  CHCHi  C.H  iru  ph  rod)  bo*^  ** 
■--55 0  (A.  316,  127  ;  268.  u7).  *  .  CH,COO, 


at  2 
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SULPHUR  DERIVATIVES  OF  OXY-ACIDS. 

Sulphur  Derivatives  of  the  Oxy-acids :  Glycollic  and 
Lactic  Acids. 

Only  the  mercaptan  carboxylic  acids  and  their  transposition 
products  will  be  considered  here.  These  are  acids  which  at  the  same 
time  possess  the  nature  of  a  mercaptan.  They  are  obtained  as  oils, 
with  a  disagreeable  odor.  They  are  miscible  with  water,  alcohol  and 
ether. 


(1)  a- Mercaptan  Carboxylic  Acids . 

Thioglycollic  Acid,  CH2<|q  h  [Ethanthiol  Acid],  is  obtained  from  mono- 

chloracetic  acid  and  potassium  sulphydrate,  and  from  thiohydantoin,  when  heated 
with  alkalies  (A.  207, 124).  On  adding  ferric  chloride  to  its  solution,  we  obtain  an 

indigo-blue  coloration.  It  is  a  dibasic  acid.  The  barium  salt,  CH2<^^q  ^>Ba -f- 

3H20,  dissolves  with  difficulty  in  water. 

a- Thiol ac tic  Acid,  CHS .  CH(SH)C02H,  is  obtained  from  pyroraceraic  acid  and 
hydrogen  sulphide. 

(2)  a- Alkyl  Sulphide  Carboxylic  Acids  are  obtained  from  the  interaction  of  a-halogen 

fatty  acids  and  sodium  mercaptides. 

(3)  b-Mercaptal  Carboxylic  Acids  result  from  the  action  of  a-thio-acids  and  ahle- 
hydes.  Ethidene-dithioglycollic  Acid ,  CH3  .  CH  :  (SCH2  .  COOH)2.  melts  at  107  . 

(4)  Mercaptol  Carboxylic  Acids  result  from  a-thio-acids  and  ketones  in  the  pres¬ 
ence  of  zinc  chloride  or  IIC1. 

Dimethylene-dithioglycollic  Acid,  (CHS)2C :  (SCH2COOH)2  melts  at  126°. 

(5)  a~ Sulphide  Dicarboxylic  Acids  are  produced  when  lv2S  acts  upon  a-halogen 
fatty  acids. 


cor- 


Thiodiglycollic  Acid,  melts  at  1290.  In  composition  it 

I  1 2  .  X-AJ2 11  •  •  r  1  • 

responds  to  diglycollic  acid  (p.  339),  and  under  like  conditions  forms  a  cyclic 
anhydride,  which  is  both  a  sulphide  and  a  carboxylic  anhydride.  Thiodiglycollic 

Anhydride,  S<g“^g>0,  melts  at  102°,  and  boils  at  158°  (10  mm.)  (B.  27, 

3059).  a-  Thiodilactyl  Acid,  S[CH  (CHS)  .  C02H]2,  melts  at  125°.  y-  Tkiodibutyric 
Acid  melts  at  990  (B.  2s,  3040).  Unsymmetrical  Sulphide  dicarboxylic  acids are 
obtained  from  the  disodium  salts  of  the  mercaptan  carboxylic  acids  and  sodium 
lalogen  fatty  acids  in  aqueous  solution  (B.  29,  1139).  ...  a  ,•  r  tt,  - 

(6)  o-Disulphide  Dicarboxylic  Acids  are  readily  produced  in  the  oxidation  of  the 

a-mercaptan  carboxylic  acids  in  the  air,  or  with  ferric  chloride  or  iodine.  Dithio- 
diglycollic  Acid ,  (SCH2C02H)2,  melts  at  ioo°.  a-Dithiodilactic  Acid,  [&CH(C11,)  .- 
<-02H]2,  melts  at  1410.  >. 

Cystein  is  probably  an  amido-thiolactic  acid,  C 1 1 3 .  ^  jsj n ^ 7  .  C02H.  It  is 

obtained  from  cystin  by  reduction  with  tin  and  hydrochloric  acid.  A  crystalline 
Powder,  very  soluble  in  water,  and  yielding  an  indigo-blue  color  with  ferric  chloric  e. 
In  the  air  it  rapidly  oxidizes  to  cystin  (B.  18,  258,  and  19,  125). 

Cystin,  CfiH,,N204S2,  probably  dithio-diamido-dilactic  acid, 

S2<C(CHs)(NH2)  .  C02H(  occurs  in  some  calculi  and  urinary  sediments.  It  forms 

colorless  ^leaflets! ^  It" is*  insoluble  in  water  and  alcohol,  but  dissolves  in  acids  and 
&lkaheS‘  .  _  COOH 

(7)  Sulphin-oxide  Carboxylic  Acids.—  ie  tee  o  les  <r.  g., 

are  unstable  Thev  split  off  water  and  yield  cyclic  sulphinates,  which  are  constituted 
similarly  the cyclic  ammonium  compounds,  and  are  called  the  tines.  This  name, 
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tbdr  derives  ^  J? 7^:  25. R^f '*** 

CO  —  o 

Th«=t; 

.-SUK^a  toy  «id^.  *,  ch^uc^^d  TO 

ZW*-r/  (CH,\S  CH,  CO .  i,  is  defiqagggt. 

Tittime  DLa^ajy&  Aeii,  (HO.  CO.  01,1,5.  CH,.COO,  adb  * 

Sfirmrtime!,  see  B.  *7.  R.  So I. 

f~.-^fTTr  <^*fcTfsS,  --f.ai  are  predated  bv  the  actwe  of  sir'  s^bUuks  =>x 
«ers  «rf  h*og»  fear  adds.  They  mau  the  ketace  ortonfe  «di  _e* 
j  T  nU^  ^»CtHi.SO,  .CHt  CO,H.  Eli*  Pnmm 

i.iij-  '  ••  bO, .1 H . -  CH, .Q^H  (B.  ai.  So.  90J l  BTo®i^  the  sh.;* 
n'ortTm^m*  the  «iwlphrates  with  KMd04  we  ohtaia :  &jtW  DianSk  .iaL 
mui  "eh™E  •*  I&2° 

V  c*£  11  *55a  ( ®  18.  3241).  Sclpbooe  diacetk  tad  rse-  s  »■-* 
•cetK  e^eria  mu,  respects.  For  tailed  s^lphone-di-uny  adds  see  B.  29*  ^ 
i  r*rm* i/&  Adds.  The  silphc^sdcs  of  the  turr  scii>  it.  ir> 

doceu  bv  methods  similar  to  those  employed  ihh  the  alkri  smkhamk  a rids: 

*ctica  of  ^rhcr  dioxide  croc  the  faxtr  acids.cr  ct  ;  win  . — 

00  ^  or  amides  of  the  tdds 

( 2  By  heatkig  rrwt  bIi^mI  wmrnm\  milmiuaj  of  the  sihs  of  the  aoso^Lhsc^: 
tiity  ac:ds  with  alkaline  sulphites. 

<->)  fl  *?***■>■  of  *dk^i=e  salpfches  to  cnssrcr*.-ee  adds  (R  iS.  i-\= 
f  4  t>J  oxiciizng  the  thio-adds  corresponding  to  the  oxy-aods  vnh  c:cic  *3- 
(5,  Lpon  oxidinng  giyocJ  solphomc  adds.  e.  iseihictic  add.  with  c.r%- 
l  aese  sapbo-ahis  are  diraac  adds.  Thev  correspcod  to  the  i  ohcn-  *rCS‘ 

.  e  ®1^‘uc  *ckL  The  solpbo-grocp  in  them  is  ixx  so  ctditr  t  a'C-^-  ^  c 
the  smphooic  adds  of  the  akohof  radical  Boiling  alkahes  cocrer.  :bem  ss»  **T 
adds. 

Sulpbo-acetic  Acid,  CHt<^H°Hl'lR;0,  ^  y5«.  p<atacVonfe'~ 

phospborcscocrmskiatoachlorideLCH,  hnIKnj  i:  130-135’  »5C  3®’ 

By  redwetian  of  the  later  thio-giyco^k  acid  is  placed.  , ,  ■ 

*  ******  ts  not  reform  withoct  decccaocsitioa  The  hrerarr=  *»«*  “  ' 

C  H ^gronp  a  this  ester  l*s  in  acetarceac  acd  mIodk  esters  esc  be 
aJnrls  tB.  ri,  1550  . 


i  of  ^ 
i  2* 


NITROGEN  DERIVATIVES  OF  THE  OXY-ACIDS. 

The  following  classes  of  nitrogen  compoands  are  derived  ?r o-.  ;  *e 
•r+Lwk&l  *ti£s  z  1.  Oxy-amides,  2.  Oxy-hvdxazides,  5  Oxv-ai:^ 
**' /Tx'*n,tll“es*  ,5*  Hy  droxylamine  fattv  acids.  6.  Aoiidcx- 
acics.  7.  Xitro-tatty  acids.  8.  Amido-fattv  acids.  9-  Xitiani  ne 
aCit^s.  10.  Isonitramine  ifatty  acids.  ii*j.  Hydrazinoiaity  — N 
1 1 Hydraxo-fetty  acids.  12.  Azo- fattv  acids.  ^ 

\*Iycocoll  or  amido-acetic  acid,  and*  certain  deriumts,  like  V* 
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xnoas  pBSTATfrIS  or  to.  oxtacids- 

-  «  ««  ibc  ««  importact  -amMo-iany  actcs  from  a 

satdpoin'- 

—  m  -tj-  z~  prai sad  [l  by  treahrs  -  t4T  -;“s 

l  :ca  (2)  Free  tie 

%  ££5™*  -  *= -of  a  =—  f“ric*MT 

1j  --p'issie  Tiy  tie  &st  add  e=jj«s. 

'  rw.^gg  x„ ,  b  obeyed  froa  jxJ^TOOdc,  <r  fern  **2 

-Z-rn.  xrxia  wta»  ^  150=-  fr  =*4s  «  I2°*- 134  J"—“ 1  **““ 


^,CH,CH<®r”NHi. 


74= 


fi  CH/CH,  ’cH»OH  4D0NHr  oei«  il  15°=  (*-  *77.  IoS 

lif  TB-c  jiddi  two  zreSess  za:  a.  tjclic  : 


Wr  jLMM^Aad,  XtLCO .  CH,  -  O  -CH,  CG,H,  ndts  as  135'  _ 

tofraaomidc,  O  CH/XiXH,  L.  breaks  down  when  hated  hec  aeece 


aad 


V'"  ”  '  ^  — — “IT  - — 

,%frnrfl«if%  g>flring  21  *423'  11  de?ctt£  ilself  liic  ** 

TS:Cff  ~£  (he  ccrt^rrjc  arir^-  f.  SKOBnde  ?<&e  t-Llr  STSpI  Sr- g'-SN  IllWllr 


:e  racilj  ieca^ponhle  axinre  prodacis,  arising  rrosn  smBccia.  aad  die 
A.  20,  Lr  ,  are  viewed  as  ;  -oiradd  arr.;-we^.  \«  i*«y  ane  t^> 
«**  i  rwwrifnr*  ^  -t  io  aisefeyne  amnia  (A.  259,  U3>-  71*  atftiwe 
zrjoL  ^ 7^aIercpilsct£oe  m7  iiive  one  ofi  ti*£  fc-^ow  Log  :  (XKbIjs  : 

CH^CH^CHjCOXH,  or  CH, .  CH  .  CH,  .  CH,C<^]1- 

(JH  6 - ! 

*•  Eyiraxiiits  of  tit  Oxyacids:  GV  c*t  Hi  drcaie,  HO .  CH, .  CO  .  NH  XH,. 
®  bssi  :ce^ied  froci  i&z^yi  or  oxalyl  giyo&-lic  esier  2iad  hrdmbe 

T^SL  -  }-  F-  Ck  [2]  51,  365  )- 

>  Ar.it*  of  the  Oiyadis :  Gtrc&l  AzO?,  HO  -  CH^ .  COX^  is  formed  Tiei 
3>cscn  ffet  acts  mprje  tbe  ETdrochioride  of  gtycol  brerazade-  Ii  cn^lliies  itqci 
ca*r  J-  ?r.  Ck.  [2]  52,  2251, 


4-  Nitriles  of  the  Oxy-acids. 

Toe  nitriles  of  the  «-oxy-acids  are  the  additive  products  obtained 
hydrocyanic  acid  and  the  aldehydes,  and  ketones. 

.  ^  be  oldehj dci  yield  nitriles  of  secondary  oxy-acids.  Formaldehyde 
•  exception  in  this  respect,  for  it  affords  the  nitrile  of  a  primary 
°*5yacid, — glycollic  acid. 

The  ketones  yield  nitriles  of  tertiary  oxy- acids. 

CHj.CH  :  O  -  CXH  =  CH,.  CH^Jr*— tkrile  of  lactic  acid  (p.  335)- 
fCH,  jC  :  O  —  CXH  =  CH,  ,C<^— nirfe  of  acetook  acid  (jx.  337). 

Th .ese  nitriles  of  the  a-oxy -acids  have  been  called  the  cyanhydrins 
'■c  the  dihydric  alcohols  or  glycols,  which  ran  not  exist.  Their  anhy- 
dndes  are  probably  the  aldehydes  and  ketones. 

The  anhydrous  bodies  boil  in  part  without  decomposition  ;  many  of 

netn  break  down  upon  the  evaporation  of  their  aqueous  solution,  and 
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alkalies  resolve  them  into  their  components.  The  nitriles  of  the  a  oxv- 
acids,  on  the  other  hand,  under  the  influence  of  mineral  acids,  e.  l 
hydrochloric  acid  and  sulphuric  acid,  first  take  up  one  molecule  ofwater 
and  change  to  a-oxy  acid  amides  (see  above),  then  a  second  molecule 
of  water,  and  form  the  ammonium  salts  of  the  a-oxy  acids,  which  are 
immediately  decomposed  by  mineral  acids  (p.  264). 


Aldehyde  Cyanhydrins :  Glycollic  Nitrile  [Ethanol  Nitrile],  HOCH2CN,  boils 
at  183°  with  slight  decomposition.  It  boils  at  1190  (24mm.)  (B.  23,  R.  385).  EM- 
dene  Lactic  Nitrile,  aldehyde  cyanhydrin,  CI13CH(0H)CN,  boils  with  decomposi¬ 
tion  at  182°.  Ethyl  Ether .  CH3CH(OC2H5)CN,  from  chlorcyanogen  and  ethyl 
ether,  boils  at  88°  (B.  28,  R.  153.  Acetyl  Ether,  CHsCH(OCOCH3)CN,  boils  at 
169°  (B.  28,  R.  109).  /3-  Ethoxybulyron  it  rile,  CH3CH(OC2H5) .  CII2CN,  from 

cvanallyl  and  ethyl  alcohol,  boils  at  1730  (B.  29,  1425).  a- Oxyisavateric  www. 
(Cl  Ij'ljCH  .  CH(OH)CN,  breaks  down  at  I350.  a- Oxycaprylic  Nitrile,  oenanthol 
hydrocyanide,  CH3(CH2)5CH(OH)CN.  .  . 

Halogen  Substitution  Products  of  the  Aldehyde  Cyanhydrins  t  A.  *79>  7^1  • 
Chloral  Cyanhydrin,  CCl„CH(OH)CN,  melting  at  6t°,  boils  with  decomposiiiona 
215-230°.  Tribrowlactic  Acid  Nitrile,  CBr3CH(OH)CN.  TrichlorvaUrotac^ 
Acid  Nitrile,  CHa .  CCL .  CHC1 .  CH(OH)CN,  melts  at  102-103  .  WWy 
hydrins  :  a-Oxyisobutyric  Acid  Nitrile,  (CH3)2C(OII)CN,  boils  at  120  . 

Ethyl  Glycollic  Acid  Nitrile,  (C2H5)(CH3) .  C(OH)CN  (A.  204,  18).  Duthyhx^ 
Acid  Nitrile,  diethyl  glycollic  nitrile,  (C2II5)2C(OH)CN  (B.  I974)-  ,  200j 

Nitriles  of  the  oxy-acids  have  been  prepared  from  the  halogen  glyco  iy  ^  Nitrile, 
by  the  action  of  potassium  cyanide.  Ethylene  Cyanhydrin,  /I- Lactic  *  ^  rUSSjc 
HO  .  CH2  .  CH2CN,  boiling  at  220°,  is  also  obtained  from  ethylene  oxiaea^  0*ut)  but 
acid.  In  many  cases  the  nitriles  of  the  oxy-acids  have  not  been  jut0  the 

have  either  been  immediately  changed  to  oxy-acids,  or  have  been 
circle  of  other  reactions.  ,  nhtained  as  its 

5.  Hydroxylamine  Acetic  Acid,  NH20 .  CH2 .  C02H,  has  bee  ^  .  benz- 
hydrochloride,  melting  at  148°,  together  with  benzoic  ester,  r0  •  gummy 
hydroxime  acetic  acid,  C6H6(0.  C2H3) :  NOCH2C02H.  The  free  acid 

mass.  For  homologues  see  B.  2g,  2654.  ,  •  e  fatty  acids- 

6.  Amidoxyl  Fatty  Acids  are  isomeric  with  the  hydroxy  a  and  ketoxinieS 

Their  nitriles  result  from  the  addition  of  hydrocyanic  acid  to  aldoxim  at  lp°,  lS 
(B.  29,  65).  Amidoxyl  Acetic  Acid,  HO  .  NH  .  CI12-  C0.2lU  nK  •  ^)enzaldoxi^e 
formed  by  the  action  of  concentrated  hydrochloric  acid  upon  acetic  #lC\ 
acetic  acid,  and  dilute  mineral  acids  upon  (B.  29,  66 7)  isonitran  js  0i, taint* 
a- Amidoxyl- butyro-nitrile ,  CH?  .  CH2  .  CH(NIiOH)CN,  melting  a._  con  verts  iHIlt0 
from  propylaldoxime  and  prussic  acid.  Concentrated  sulphuric  at  y  c]ianges  10 
a-isonitroso-  or  a-oximido-butyric  acid,  and  cold  hydrochloric  ac 
a-amidoxylbutyric  acid,  which  decomposes  at  1660  (B.  26,  154^)-  .  on]y  kno"n 

7.  Nitrofatty  Acids.  «  Nitrofatty  Acids. — Nitroacetic  Ain  .  ‘  cklor#eta*? 
in  the  form  of  its  ethyl  ester.  When  potassium  nitrite  acts  upon  P?taS>I*tbane  (P- 
the  potassium  nitroacetate  produced  at  first  breaks  down  into  nitrons 

and  potassium  monocarbonate : 


CH.C1  COOK  +  NOjK  =  CH2N02 .  COOK  +  KC1 


,  decomP0*'- 


CII2N02C00K  +  H20  =  CH3N02  +  KHCOs. 

Nitroacetic  Ethyl  Ester,  NOaCIi2  .  C02C2Hs,  boils  with  scarcely  a,A’  ‘ 
tion,  at  1 51  °.  It  is  produced  when  bromacetic  ester  ar 

Hydrochloric  acid  and  tin  convert  it  into  amidoacetic  acid.  nin^at  00  ’ 

/^-Nitrofatty  Acids  :  ft  Nitropropionic  A <  id y  N02CH2  .  CH2C02H,me  1  |-r0ia 
is  formed  from  /?-iodopropionic  acid  and  silver  nitrite.  The  ethyl  ester  1 

161-1659. 


inter#1* 
66° 
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mnueai  M***™"3  or  thz  oxt-aok. 

« th£  dihydriC  *“*  “ 

bv  the  amido-group  NH* : 

CH-.OH  CIVNH, 

I  *  »a4  I  ,,,  - 

CO.  OH  CO  .OH 

«T3jcoia*ir  Ar*d  G;yc*t**s»««i' 

,t  M  «mr4tr  to  view  theta  as  aroido-derivatives  of  the  monobasic 
the  replacement  of  one  hydrogen  atom  m  the 

aster  by  the  amido-group : 

CH,  CH,  NH, 

io.OH  &>■ OH_. 

Acetic  Acid  KwadfMOAx.  AaC- 

Hence  they  are  usually  called  amido-fatty  aads-  '^^-  _  "te? 

rf  the  amido-group  in  them  is  a  cnaractertstx  diff  ilka/ies 

the*  compounds  and  their  isomeric  acid  amides, 
do  not  eliminate  it  (similar  to  the  amines).  Several  Cieat 

adds  occur  already  formed  in  plant  and anmud  organ~ms. 
phn*o4ogkal  importance  attaches  to  them  t xre.  Thev  ca 
fr«2toin^d  substances  by  heating  the  latter  M™*”™ 

add  or  baryta  water.  They  have  received  the  name  alarum  or  r 
uUtixom  their  most  important  representatives.  . ,  . 

The  general  methods  in  use  for  preparing  the  arm  o-  _  heated 

(*)  The  transposition  of  the  monohalogen  ^.he 

with  ammonia  (similar  to  the  formation  of 
aikvlogens,  p.  161): 

Tr«K  chloracetic  acid  yields :  rvsnH 

fCH,.COOH  COOH  nJchJ’cOOH 

V  H  * -  cw“  (  CH* .  COOH 

.  V  H  _  J  -  -j..  Kc  J\  TrisbooUxoidic  Acid. 

AsyjrrftOttk:  Acid  I>J2^3  crfMUulC  _  t  -  . 

.  (a)  In  the  action  of  the  halogen  fatty  «&»!«» 

■Wide  may  be  employed  WP"*^*^^  fjummm  phthalimide, 

fefch^„X"pU«offbyhydtochlonc^d  a,  aooj  C.  = 

c,n./  [  sk0^^^0.".  {c8>  svS,C'  W'^n-h.ho 

(})  The  reduction  of  nitro-  and  tsomtroso-ac.da  (p.  3a°)  «■* 
nascent  hydrogen  (Zn  and  H  A)  - 

*  ‘  4„  A-Mlo^ticAod 


CIC-Cj  (KOHjeCOOH 


->  CH,  CHfNHpCOOH 
Aiasiiic,  n'Ainuk>pr<V<«ic  AckL 
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(4)  Transposition  of  the  cyan-fattv  acids  fW  -.k 

H  (Zn  and  HC1,  or  by  heating  wi^,  in^sS  mann^I 
the  amines  are  produced  from  the  alkyl  cyanides  (p.  ,66) :  ^ 

CN  CO .  OH  +  2H,  =  CHjINHjI  .  CO,H 
Cyanfonnic  Acid  Amidoacetic  Acid. 

Th»s  reaction  connects  the  amido-fatty  acids  with  the  fatty  acids 
containing  an  atom  less  of  carbon,  and  also  with  the  dicarboxvlic 

acids  of  like  carbon  content,  whose  half  nitriles  are  the  cvan-fattv 
acids. 

f 5)  1  he  nitriles  of  the  a-amido-acids  are  prepared  bv  allowing  a 
k  C»!  a^  quantity  of  ammonia,  in  alcoholic  solution,  to  act  upon 
the  hydrocyanic  acid  additive  products  of  the  aldehydes  and  ketones, 
and  then  setting  tree  the  hydrochlorides  of  the  a-amido-acids  from 
these  by  means  of  hydrochloric  acid  (B.  13,  3S1 ;  14,  1965): 


CHj  -  CHO  —  N  >  CH,CH<£^  — CH,CH<^r  — CV  CH,CH<^ 


,CN  NH, 


OOlH 


(CH,),CO - ^  (CHS\,C<^  (CH1)1C<gij-^^(CHpiC<51\  . 

(6)  Nitriles  ot  a-amido-acids  can  also  be  synthetically  obtained  (*) 
from  the  aldehyde  ammonias  by  means  of  hvdrocvanic  acid ;  (/)  lrom 
aldehydes  by  means  of  ammonium  cyanide  (B.  14,  26S6): 


CH.CH<S5,  CH..CH 


CN 


CO.H_ 


CH,.CHO 


CN'XH, 


>  CH,CH<^t  — “gy->  CH,.CH<J5tHHa 

Prussic  acid  attaches  itself  similarly  to  the  oximes  (B.  25.  2070),  to  the  hyJ»- 
rones,  and  to  the  Schiff  bases,  with  the  production  of  nitriles  (B.  25,  . 

The  5th  and  6th  methods  are  only  suitable  for  the  production  oi 
a-amido-fatty  acids,  while  the  remaining  methods  serve  al>o  ,or  t,,H 
preparation  ot  p-.  y-,  and  d-amido-fatty  acids,  which  are  also  prodlK\  ^ 

(< )  By  the  addition  of  ammonia  to  unsaturated  acids,  as  well  a>f^-,; 
“>'*h.e  oxidation  of  amido-ketones,  e.  g..  diacetonamine  (p.  ^  9>-  *ni 
(.  )  b>'  the  breaking  down  of  the  cyclic  imides  of  glvcols  upon  oxid- 
tion,  see  piperidine .  ' 

Properties.  The  amido-acids  are  crystalline  bodies  with  '* 

sweet  taste  and  are  readily  soluble  in  water.  As  a  general  thing,  the.' 
are  insoluble  in  alcohol  and  ether. 

Constitution.—  As  the  amido-acids  contain  both  a  carboxyl  arui  *’j 
am.do-group,  they  are  acids  and  bases.  Since,  however,  the  car  box' • 
and  am, do  groups  mutually  neutralize  each  other,  the  amido-*** 
reaction,  and  it  is  very  probable  that  both  groups  coW 
bine  to  produce  a  cyclic  ammonium  salt : 
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The  existence  and  method  of  producing  trimethyl  glycocoll  or 
betaine  would  indicate  this.  A  separation  of  the  two  groups  would 
again  occur  in  the  formation  of  the  salts. 

" Deportment.— The  amido-acids  form  (i)  metallic  salts  with  metallic 
oxides,  and  (2)  ammonium  salts  with  acids. 

(3)  Tbe  hydrogen  of  the  carboxyl  group  can  be  replaced  by  alcohol  radicals  with  for- 
motion  of  esters,  which  are,  however,  unstable.  On  the  other  hand,  the  hydrogen  of 
the  afflido'groop  can  be  replaced  by  both  acid  and  alcohol  radicals.  (4)  The  acid 
derivatives  appear  when  acid  chlorides  act  upon  the  amido-acids  or  their  esters : 

CH*<ccJk  +  C*H*°  • 01 = CBKgfrW  +  HC1 J 

Acetyl  Amido-acetic  Acid. 


whereas  (5)  the  alcohol  derivatives  are  obtained  by  the  action  of  the  amines  on  sub- 
stituied  fatty  acids : 

CH,C1 .  CO,H  +  NH(CH,),  =  +  HQ. 

Dimethyl  Glycocoll. 

(6)  By  continuing  the  introduction  of  methyl  into  the  amido-acids  it  is  possible  to 
entirely  split  off  the  amido-group.  Unsaturated  acids  result.  Thus,  a-ainidopro- 
pionic  acid  yields  acrylic  acid,  and  a-amido-butyric  acid  yields  crotonic  acid  (B.  21, 
ft-  06),  while  'x-amido-n-valeric  acid  yields  propylidene  acetic  acid  (B.  26,  R.  937)- 

[7 )  When  the  amido-acids  are  heated  to  200°  with  hydriodic  acid  they  exchange 
tiieir  amido-group  for  hydrogen  and  become  fatty  acids  (B.  24,  R.  900). 

Iney  are  not  affected  by  boiling  alkalies,  but  (8)  when  fused  they  decompose  into 
-ajt of  the  fatty  acids  and  into  amines  or  ammonia.  (9)  By  dry  distillation  (with 
*ryta  especially)  they  yield  amines  and  carbon  dioxide  : 


C".-CH<g§l 


=  CH3.CH2.NH2  +  COr 
Ethylamine. 


(lo)  Nitrous  acid  converts  them  into  oxy- acids  : 

CII*<CO  H  +  NO’H  =  CH*<CO,H  +  N’  +  H’°* 

2  Glycollic  Acid. 

.  («»)  When  potassium  nitrite  is  allowed  to  act  on  the  hydrochloride  of  the  esters 

the  amido-acids,  esters  of  the  diazo-fatty  acids  (p.  3  5)  P  ocgl. 

formation  serves  as  a  test  for  even  minute  quantities  o  Acids  discharge  the 

P«rric  chloride  yields  a  red  color  with  all  the  amido-acids.  Acids  discharge  the 

**mc. 

One  of  the  chief  characteristics  of  the  a-amido-fatty  ac.ds  is  that 
wln-n  the,  lose  water  they  yield  cyclic  double  acid  amtdes  correspond- 
lug  to  the  c?dicdouble  esters  of  the  a-oxy.ac,ds  or  laettdes  (p.  339) : 


Q<  CO.  Cl  I, 

Glycolllde 


co>0 


nh<Sc^>nH. 

Glycocoll  Anhydride. 


Tb.  V.  .„d  d-.mldo-addi,  bo..r.r.  «c  «p.blc  of  facing  cyclic,  simple  acid 


3° 


354 


ORGANIC  CHEMISTRY. 


id“r;.acc°s:rnd,ns  ,o  *•  ^ 


ch2  .  CO 

CHa .  CH>° 

Butyrolactone 

pTT  ^CH2CO  v  rN 

ch*<ch2.ch>° 

5-V  alerolactone 


CH, .  CO 

CH,.CH>SH 

T-Butyrolactain, 

Pyrrolidone 

CH><S;S>NH 

£-Yalerolactam, 

•-Oxopiperidinc. 


a-Amido-acids. 

Glycocoll,  Glycirty  A  mi  do-acetic  Acid  [Amino-ethan  Acis\ 
CH,(NHa) .  C02H,  melting  at  232-236°,  is  obtained  synthetical^ 
(p.  352)  :  (1)  By  heating  monochloracetic  acid  with  ammonia  tci  -  - 
triglycolamidic  acids  are  formed  at  the  same  time)  or  b)' 
monochloracetic  acid  with  dry  ammonium  carbonate  (B.  I°>  -  2r* 
(2)  from  phthalylglycocoll  ester  (B.  22,  426) ;  (3)  by  the  reOuC..^ 
of  nitro-acetic  acid ;  (4)  of  cyan-formic  acid :  (5)  -v. ,  ^ 

methylene  amido-acetonitrile  with  alcoholic  hydrochloric  . 

it  changes  to  the  hydrochloride  of  glycin  ester  f?'  ,^njon 
(6)  from  methylene  cyanhydrin,  the  product  obtained  >  gjvco- 
of  formaldehyde  and  prussic  acid.  Ammonia  convert;  _  '-xzx.es 
coll  nitrile,  which  is  altered  to  glycocoll  by  boiling  Dan 
(A.  278,  229) :  ^ 


CHjO 


CNH 


->  CH,< 


CN 

OH 


XH, 


CN 


^  ch,<KHi 


CHt<NHI  • 


Glycocoll  may  be  prepared  by  methods  2.  ^  strifcn*  forma- 

composition  of  hippuric  acid  (see  below  -  *  .^T'‘^YaDOgea  g35  *nt° 

tion  of  glycocoll  is  oldened  (7)  by  conducting  cyanog 


boiling  hydriodic  acid : 

CN 


£x  +  2HtO  +  2H,  =  £ 


CH,.  NH, 


—  NH, ; 

^  CO. OH 

^  jCl 

and.  finally,  (S)  by  letting  ammonium  cyanide  and  gf^Wefay^ 
upon  glyoxal.  when  the  latter  probably  at  first  )ie.  - 

(B.  15.  30S7)*  br  +00* 

//isft'nr  W  a^r^v.-Rntconnot  (.820)  first  of 

posins:  Clue  with  boiling  salphuric  *cid.  **  ow*V*f  “***  - 

lion  and  to  its  sweet  taste :  swyet.  a  decwnrwsiooa  p*^ 

sra*  'sr 

5°°H  -+  H,0  4-  HO  =  ^NH,lHC1  +  QH,OX*» 

<bH.NHCO.QH.  »— ***** 
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.  .  ,,8,S|  observed  that  glycocoll  appeared  from  an  analogous  decomposi- 

jKSSSTSd  occurring  in  bile.  Compare  raurrue,  p.  306 : 


COOH 

CHrNH2C24Hj904 
Glycocholic  Acid 


+  2KOH  = 


COOK 

£h2nh2 

Potassium 
Amido-acetate 


c24h39o5k 


Potassium 

Cholate. 


Glycocoll  was  first  (1858)  prepared  artificially  by  Perkin  and  Duppa,  when  they 
allowed  ammonia  to  act  upon  bromacetic  acid. 

Properties. — Glycocoll  crystallizes  from  water  in  large,  rhombic 
prisms,  which  are  soluble  in  4  parts  of  cold  water.  It  is  inso  u  e  in 
alcohol  and  ether.  It  possesses  a  sweetish  taste,  and  melts  witn  de¬ 
composition.  Heated  with  baryta  it  breaks  up  into  methyl  amine  an 
carbon  dioxide;  nitrous  acid  converts  it  into  glycollic  acid.  err\c 
chloride  imports  an  intense  red  coloration  to  glycocoll  solutions  ,  aci  s 
discharge  this,  but  ammonia  restores  it. 

Metallic  Salts. — An  aqueous  solution  of  glycocoll  will  dissolve  many  metallic 
oxides,  forming  salts.  Of  these,  the  copper  salt,  (C^H4N02)2Cu  +  H/J.is  very 
acteristic.  It  crystallizes  in  dark  blue  needles.  I  he  silver  salt,  C2  4  2  •  .?’ 

tallizes  on  standing  over  sulphuric  acid.  The  combinations  of  glycoco  wi  » 

'•  g->  C2H5N02.  NOoK,  C2H5N02 .  NOjAg,  are  mostly  crystalline.  , ,  . 

Ammonium  Salts.—  Glycocoll  yields  the  following  compounds  with  hydrochloric 
acid:  C2H5N02.  HC1  and  2(C2H5N02) .  HC1.  The  first  is  obtained  with  an 
hydrochloric  acid.  It  crystallizes  in  long  prisms.  The  nitrate ,  C2  5  2  • 

forms  large  prisms.i 

Esters, — The  glycocoll  esters  claim  special  mention,  as  they  are  the  starting  o 
Material  for  the  preparation  of  diazo- acetic  esters  (p.  3^5)* 

The  ethyl  ester,  CH2<S?2  r  „  is  an  oil  with  an  odor  resembling  that  of  cacao, 

and  boiling  at  I490.  See  glycin  anhydride  or  diglycoldi-imide.  On 
gas  into  glycocoll  and  absolute  alcohol,  the  HCl-salt  is  forme  , 

|Vis’  aVpmduced  when  HC1  is  conducted 1  into  alcohol .and ^aceturic 
ill.  29,  760),  or  by  the  action  of  alcoholic  hydrochloric  ac  P  COOC  H 

acetonitrile  <p,  356).  Silver  uitri.e  produces  th.ntmu isalb  NOOH  N1^COOC,H„. 
which  readily  passes  quantitatively  into  diazo-acetic  ester,  CH .  N2CU2C2n5. 

Amides — Glycocollamide,  CH,<^q  ^H,’  ami^oace,amide’  ‘s  produced  when  gly- 
„  „  .  ,.  ,Ao°  A  white  mass  which  dissolves 

cocol  is  heated  with  alcoholic  ammonia  to  ioo  •  HC1  galt  results  on  heating  chlor- 
readily  in  water,  and  reacts  strongly  alkaline, 
acetic  ester  to  70°  with  alcoholic  ammonia. 

.  NH.CHj  „  1 Sarcosine.  Liebig 

Methyl-glycocoll,  CH,<COjH  ;  <lH'i “‘ire.tiue  contained  in 
<18471  first  obtained  it  as  a  decomp^tt'OT  pro^h  volhard  (1862)  prepared  it 
beef  extract.  Its  name  is  derived  ’  m0nochloracetic  acid  and  it  is  also 

synthetically  by  the  action  of  methylamine  upon  NHj  and  ^ 

produced  when  creatine  or  methyl  glycocyaminet(i  (CH>)  £  =  ^H’  an  ca 
,  .  T.  dissolves  readily  in  water  but  with  difficulty  in  alco- 

feme  are  heated  with  baryta.  together  with  methylamine  from  methylene 

hoi.  The  nitrile  of  sarcosine  is  ^  formaldehyde  and  prussic  acid  (A.  279,  39). 
cyanhydrin,  the  additive  PrtH  into  carbon  dioxide  and  dimethylamine,  yielding 
It  melts  at  210-220°,  decompo-  g  It  forms  saits  with  acids;  these  have 

at  the  same  time  diglycolyl  dimetnyi 
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Trim  e thy Iglycocoll.  CH. 


•***#**£  ** 

/xtCH,\, 

^  i  is  betaine,  described  ft  51a 

Etbyizmine,  diethy.amiEe  and  triethTlamhie.  acting  cpoa  cUcracefic  »ni  rrv 
dcce  the  ethylaied  glytocoils  in  the  form  of  hydrochloride :  ^ 

Ethyl-glycocoll.  Diethyl-giycocoU  and  Triethyl-glycocoll. 

'»'■  ^  ^  v.  Hj  • 

lae  liner  boils  with  decomposition  at  210-220°,  and  diners  front  the  n- 

01  dieiiylmmt. OtiJ,  i  ?  boiling  at  177°.  ltd  resulrizc  frx  it 

action  of  e:hyl  >odide  upon  sflrer  amide- acetate  A.  1S2.  17c  . 

Methylene  Amido  acetonitrile,  CHj  =  X  .  CHjCX.znelringa: 
position,  is  formed  mom  formaldehyde  and  ammonhuD  cyanide  F.  27,  53 

Aceto-glycocoU,  ^  acetamide-acetic  add,  acetok  adi.  s 

obtained  by  the  action  of  acetyl  chloride  upon  glycocoll  silver.  and  a:  i«hB«e 
monochloracedc  acid.  It  dissolves  readilV  in  water  and  alcohol.  sad  **  ^  * 
It  conducts  itself  like  a  monobasic  add  (B.  17,  1664  .  m 

Hipporic  acid  or  benzoyl  glycocoll  (see  this  and  ghtacbolic  add  see  ^ 
already  mentioned  under  glTtoeoll,  are  far  more  iznpcrtan:  and  be  a 

They  are  constituted  like  acetcric  ackL 


Diglyccxaxnidic  and  tHglvcolamidic  adds  bear  the  same  relation  to 
di-  and  trioxy ethylasr.ine  sustain  to  oxethylamice  : 


Nil, .  CH. .  CO^H 


vu  XH, .  CXXH 

aw<-ch;.cc£i 


CH,.  CCUJ 
N^CC^H 
VHra\H* 

N(CHt.CHtOHV 


XH^CHj .  CHjOH  XH^CH. .  CH,OH^ 

*  k  ooOCean^e^ 

These  compounds  are  formed  on  boiling  mooochloiacetic  acid  wi.c  cv 
aqceocL*  ammonia  (A.  12a,  269 :  145.  40  ;  14^  SS).  ,  H^h 

AstJr  NHtCHXQLHlL  melts  at  225°.  and  tortus  ^ 

«ddi  and  bases,  while  7iT^.juari:;o  Acu\  X  CHjCOjHV  caenc 
adds.  ~  \  cHt* 

Imrid+acrtmritriZe^  XH  CH ,CN\.  melting  at  75°,  and  ^  A 

CN  ,,  melting  at  126°,  are  obtained  from  methrleoe  cranhydrin  anc 
*78.  229 ;  *7 9,  39). 


T  /"H  • 

c-Amidopropionic  Acid,  CH, .  CH(NH^ .  COtH,  or  CH,  ^ 


1  c 


(XH,  COO,  Alanine,  is  derived  from  a-chlor-  and  a-brem -prop •  % 

acid  by  means  of  ammonia,  and  from  aldehyde  ammonia  by  the  &  * 

of  CN’NH,  and  HC1  (p.  193)-  Aggregated,  hard  needles. 
sweetish  taste.  The  acid  dissolves  in  5  parts  of  cold  water  ano  ‘ 
more  difficult}*  in  alcohol;  in  ether  it  is  insoluble.  When  heater  * 
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a-oxyacids  by  the  action  of  the  carboxyl  group  and  the  alcoholic 
hydroxyl  group  two  molecules  enter  the  reaction.  This  is  also  the 
case  in  the  amide-formation  between  the  carboxyl  group  and  the 
amido-group  of  the  a  amido-acids.  Cyclic  double-acid  amides  corre¬ 
spond  to  the  cyclic  double  esters  or  lactides. 


Ditthylenediamine,  Piperazine  or  Hexahydropyrazine  (p.  314),  is  the  starting-out 
substance  from  which  such  bodies  can  be  obtained  as  oxygen  substitution  products. 
Hence  we  have  names  such  as  ay-diketo-,  ay-diaci-,  ay-dioxypiperazine,  by  means 
of  which  we  can  distinguish  the  four  carbon  atoms  of  the  piperazine  ring,  as  a-,  /?-, 
y-,  and  d-carbon  atom  : 


0< 


ch2  .  CO 
CO .  ch2 


>0 


Diglycollide 


HN<co!'a?>NH 


y  $ 

Diglycolyldiamide, 

ay-Diacipiperazine 


HN  <$:$>*« 


Diethylenediamine, 

Piperazine. 


The  aromatic  piperazine  derivatives  are  particularly  numerous  (B.  25,  2941). 

Diglycolyldiamide ,  Glycin  Anhydride,  ay-Diacipiperazine,  HN^q2  qj  >NH, 

turns  brown  at  2450,  melts  at  2750,  and  is  formed  when  amido-acetic  ethyl  ester  is 
evaporated  with  water  (B.  23,  3041). 

Dig lycolyld imethylamide>  Sarcosine  Anhydride,  CH3N<q^2  .  CII3, 

melting  at  150°  and  boiling  at  350°,  is  produced  by  heating  sarcosine  (B.  17,  286). 

Di  lady  Id iam  i  de,  Lactimide,  HN<^(^C^>NH,  melting  at  2750,  is 
formed  when  alanine  is  heated  with  hydrochloric  acid  gas  at  180-200°  (A.  I34>  372)* 


/3-Amido-carboxylic  Acids. 

Neither  cyclic  double-acid  amides,  such  as  are  obtained  from  the  a-amidocar- 
boxylic  acids,  nor  cyclic  simple  acid  amides  or  lactams,  such  as  are  obtained  from  t  ie 
7-  and  o-amidocarboxylic  acid,  can  be  prepared  from  the  poorly  studied  /J-amido- 
carboxylic  acids.  r 

/3-Amidopropionic  Acid,  /J-  Alanine,  CH,(NH,) .  CH„  .  C02H,  melts  at  i?6° 

and  breaks  down  into  ammonia  and  acrylic  acid.  It  is  isomeric  with  alanine 

P-  35  )  nn  is  obtained  from  /3-iodpropionic  acid  with  ammonia  from  /J-nitropro 

rlncu/^i;’  WD  S°c  rr  succinimide  and  succinbromimide  by  means  of  bromine  and 
caustic  potash  (B.  26,  R.  96).  1 

/3-Amidobutyric  Acid,  CH„.CH(NHI  CH  CO  H(?1  is  produced  when 
crotomc  acid  is  heated  with  amnto’tm  (B.  21,  R.  523V  °*  1  P 

ducti^fdthf  °ValenC^Acid’  (CHs)2C(NH2)  .  CH  .  C02H,  is  obtained  by  the  re¬ 
duction  of  the  corresponding  nitro-acid  (p.  350). 

r-  and  <S-Amido-carboxylic  Acids. 

acidslitW  c^laractefistic  of  the  y-  and  ^-amido-carboxylm 

acid  am  d,,  ^ Seated  they  part  with  water  and  yield  cyclic,  simple 
acid  amides  or  lactams,  the  y- lactams  and  the  8-lactams. 

Potasshim'phthalirnideiff^  ^i611  ox,dlzed’  have  yielded  some  of  these  acids  (Schotten)- 
methyleTe  bromiT^ Xjf \Reneral  synthetic  method.  Ethylene  bromide  or  tn 

propy  1  -phthalimid e  (GabriX”  Thes^bod*  *  t0  c>  hr^methyl, Phthal/ni,^feXutiliid  in 
the  preparation  of  oxalkylaminesfo  X?'^!’  **  'I  knOW"’  haVC  f  f°flSo  cVboxylic 

acids  bv  their  qiH  th™  ♦  S  'PV09)-  In  order  to  get  7-  and  rf-amido  car  j 
y  ransposed  with  sodium  malonic  ester  and  sodium 
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srnuysEK  dojtatttes  of  the  oxy-acii>?. 

.  -  ,  ,,  *-: - -  15  ceCCSDCSSC. 

afirrao  dioxide  a^i  akoboi  B.  24.  --5°  • 

w|g>«W.  C,H,‘|^>y<u'ii?':CH!Bl 

?,H,|  t‘j^>N[CHJJCH(CO,C,Hi , 

£".{$&# ^h‘{['Rh  +*^ss. 

;-A=adotetyric  Acid.  Rperidk  Add,  roe  -  at  1S3-1&43  ^ad  loses  warer.  It  is 
fersed  (f)  when  piperidTlnieCaae,  CH.  CHi  ^  ‘  ^,^s’  ^  ondized 

w*k  okric  arid  B.  16,  644) ;  (2  by  caeaas  of  potassium  phthalmude ;  either— <  a  rsj 
decomposer  of  broea^tbyl  pfcmalimide  with  socinm  masonic  ester  =ce 
aboret,  or  {if  by  tmsspos /2g  o-bronapropyl-phtbalimide  with  zkksss.-z:  cyanme.  - 
te«s«aag  tbe  pcthalvl-y-ainidoTCrvric  nitrile  l  B.  23,  *772)-  . 

)  AmMo^aleric  A±ii  CH,  CH(SH,  CH..CH,  CO,H  nsaUs  from  tbe 
decoeej^adoo  of  pbenylbydrazofie-laeTnlinic  acid  by  sodsem  amalgam  1 1>.  27,  j  -> 

It  mehs  at  1 930.  *  Both  y-amido-acids,  when  heated,  pass  into  lactams. 

r'  Amido-n-valeric  Acid.  NH/CH,*,  .  CO,H  (Homoppetdic  Aod),  ajells 
8  I  >8°.  Its  benzovl  deriradfe  and  ta^w  d  rai/Mufa^  acta,  ^Jj[-  *  **'* 

melting  at  163°,  are  formed  when  fcenzoyl  piperidine. 


CH^gp.-.OOQ*. 

and  aalphopiperidirfe  are  oxidised  with  KMn04  (  B.  21,  2240).  The  acid  resu 
pfataaljl  propvl  malonic  diethyl  ester  (B.  23,  1769)-  In  the  lalIfTvn^nn^rlJle 
bg  acids  hare  been  prepared :  a-MethyM  amido-n-valenc  acid,  >  H,  <-«* 

CH,  CH  CH.  COjH,  melting  at  l6ha ;  a-EthyW-amido  n-ra  enc  aod,  N  H,  -  CH*  - - 
CHt .  CH, .  CHtCjHjjCO,!!^  melting  at  200-200.3;;  a 

«id,  NHt . CH,  CHj .  CH,  CH(C|H7)COiH,  melung  at  IV>  ^Br?^  Zft4’: 

Arntdon- Octanic  Add,  Homoconinic  acid,  C^H-.CH  -  Hr)"  ,  *_  -  *  is 

^jH,  melts  at  15S0.  Its  benzoyl  derivative  is  produced  when  nzoy 
oxidized  with  potassium  permanganate  (B.  191  S°2)* 


r-  and  <5- Lactams:  Cyclic  Amides  of  the  y-  and  ^-Amido- 
carboxylic  Acids. 

These  bodies  are  formed  when  the  y-  and  d-amido-acids  are  heated 
to  their  point  of  fusion.  They  then  lose  water,  and  suffer  an  intra¬ 
molecular  condensation.  Some  of  them  have  been  obmine  y 
reduction  of  the  anilchlorides  of  dibasic  acids — e.  g.,  dichlormalein 
anil  chloride.  Thev  correspond  to  the  y-  and  d-lactones.  Tne  names 
7-lactams  and  d-lactams  have  been  given  them  to  recall  the  lactones. 
Thev  are  cvclic  acid-amides.  Just  as  the  lactones,  under  t  e  in  ience 
of  the  caustic  alkalies,  yield  oxy-acid  salts,  so  the  lactams,  when 
digested  with  alkalies  or  acids,  pass  into  salts  of  the  araido-acids,  from 
which  they  can  be  formed  on  the  application  of  heat. 

Further,  the  y-  and  d-lactams  bear  the  same  relation  to  the  lmides 
of  the  y-  and  d-alkylen  diamines  as  the  lactones  sustain  to  the  oxides 
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of  the  j-  and  3-glycols  (p.  343)-  These  relations  are  apparent  in  ire 
following  arrangement : 


CH, .  CH,OH  CHj.CHj.KH, 

CH, .  CH,OH  CH,.CH,.XH, 
Tecnseihy'«ac  TdnaKtSrjeae 
Ghttsi 


PeEtiTedjkac 
O : : . 


PeEta netky ; 


cn, . ch,>0  5h*.ch*>kh  CHi<o^.c5>0  CHj<ch;.ch;/-vh 

TtLyaobT^H  Pesaawirjeae  r—  -« 

Oxide  Pir*^:L=* 

1  eu  jtcy_ro- 
pyrrol 

CHj .  CO  CH, .  CO  rri  prr  rr, 

CH.CH.'"  CH. .  CFL>XH  ^  Ch!.  CH^0  CH*<Sc'cH>XH 


TKrssetiTj 
Oxide, 

T  etnalnycnxiir- 

fcriQe 


CH, .  CH, 


CH,.  CH, 

rfcrrooctia, 

frPnroiidooe 


1 MTH, .  CH,' 

1-ViieroiacoK 


CH, .  CH," 

t-YaJerotactxs 
•Oxcpv-enzisc, 
•  Bptridot. 


7- Lactams  1  o-PyrTofidaoe.  J  ^  >NH.  iae-^  it  ’5:  to 

tad  bofirg  jl:  245®,  cries  with  water  to  a  errs*!-*  fckre^,  C4H-OX  -  H.O. 
.t  :  t  ' -  „  is  procxec  m  the  reeled:-  cf 

'  -V..  :;:r-  :  =5  !' 


«,-ch(cbj>XHi 


CH. 


CO'  “eins^  «  370  aod  disdUirg  wkacet  decccp 


coc.  s  re- 


StS~  **  *°a“=  10  tTrrtSieuu  (p.  315  R  aa.  iwx 

Lattains  !'  » -r*r-Alr.:trar,  e-Ketopceidite,  c-Oxoptperiizz e,  e-fipeidcot. 
CH*<S;  !cHa>SH,  meis  a  39-40=  arc  boOs  at  256=  (R  21,  2242  .  m-J&  '7- 

'  “*”i***’  .**5*53.3-  S* 

^Eiisyl  Piperidoce,  CH.  C»^^)>yH.  trel_i  xr  •*' 

MO-1*?-  42  trrt-  B.  23.  360*4.  «  P’*j! * w krwimdam, 

3  ■«**  at  50=  aod  U£s  *1  *7*° 

.e..;  hcoecsciric  Arid  tjfftw  >XH  " 

p:ti-'o:c;.  Ur  mrir  y-  :  z~t  rio^err  — 

t-rarTirccxTnJ  arc  pfce^W  ^  ~ ^ 


t^CT  tO  _  _ _ 

iad  fcjd aaMidt  seebeiwrT 


■  i<e::  r  rr^ccct  dixsc-^^  p*  - 


OXT-JCDS,  OXY-OU^  camoxyijc  ACIDS- 
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o 


Jdi,  avi-CH^x^n-  ***  ^  *—*>&** 

„  "nasr  W  **>-  essence  wi±  <f  — c£iy_- 

J  MtoriSStty  AoJb  are  ®a^c  **>B«ssr  «4  ^  <B"zo^dd^  3^ 

acted  «c  mkk  ^^5  *«S— S  S^LuSS 

ofateBcd  b  tie  form  a 

r^Hydrmdmm-frwfmmu  Add,  AaidMOHM,  _^:V 


n  i 


traaruc  — 


5* ““  ^0  -1^- *  ,i£ Sfairf  i—  ^i.L  ■  «r  ,^=k  -4 

T3SPSS&S2*  XH,  XH  C  CH, 

•w  B  mie  hi  ats=g  OB  acsscoe  aeg-gnaaci.  Mig  -O.  NH  -  X  —  -  Cg,  *r 
-  -  ^  L  ,  ijitniM  i iii iilj ■!■■■■  Jr  15  produced.  Tkts  t> 

»  MndSodc  aoi-  *=«  WaHAydcs  added  A.  290-  *5  - 

And.  CjHjNrf  -  NH  .  CH,  - CO.H.  Bi ki iig  c  ’ 

■BU  nede  -rtf£  retain  a:  jtayll^taoBe^frasjfac J«i- 3=“? 

ad£  arts^  rirsrrlhytfata  (R  A  1*3°)  ^*7^ -P^mr^J  *m"£ 

Sdi,  QH-X  NH.CHs.C01H*  Beks,  wka  (kcsapassce  is  107'  »- 

11  7  Ht±t2zo-  fsttr  Acids. — W  lies  i  brdT£n>ucT  16:  is  rrs23ec  ▼»  *cefi®e 
gidpxg-^nci  aky '  e  acid  resslss :  tins.  tka  c-STdn.:jO-^:'  -Zjrz: 

todae  g=  cj&x^ix^^MdriEcmcU.  (CH,  ^<^-^>0  00,),.  me^g 
acixr.  Wise *~jii  rfr  sr^fege  I  =tL  ,  aegs-xa  (200k), *ad  pteiiiqTaoe 
2  sol  raKS,  a-  jnne  u  H,  iVax- iuc-Mij>'i'mi±ri2£ ,  (CHj  ijC<^^  CX^ 

CH^_  a  ^2*.  Hydrccidoric  add  coctcts  both  cicSes  inso  BrJrsz*- 

i*«?ncAdd,  CI^^/^C^h  0q^>^  CHjV  =^=6  at  223°  (A-  290.  I). 

12.  Az>a^y  Acids. — BnBK  -west  c-xir^yrs  by  znxo-essss  and  rtfisme^tn-s 
"-is  “jtt^sxoS^  £z>bdks.  Azo*iscbctjrosu3ile,  (CH-  jC<Q-^  CX  ^>^_ 
CKj  ,*.  mebkg  a  mg*,  wbes.  ceased  al r«f.  or,  besie’,  .Ids  lie*  wac.  passes  into 
isCia^cj:  spcriinc  cc'cilt  A.  29c,  1^- 


2-  f!i>i— ?im  0X7 -ACIDS-  OXY-OLEFIXE  CARBOXYLIC  ACIDS. 

Tat  C  3cxa  art  fvrosd  ari**s»  their  ckrCes,  use  addkrre  fwdBs  arising  from 
*7  -=cejj«ie  add  sad  ie2s.zcbz*Z£&  aldehydes.  are  tressed  whb  cold  hydrochloric  add. 
-‘sea  ierZed  »«'-.  cllsse  hr  ixcchjoric  add,  see  «-oiy-A -asssacarased  aoos  are 
aK.o  -,  -keScme  cari»rrae  adds  Futig.  B.  23, 25SC  — e.  g.,  crocixssldehyde 

pdds: 

CHt,  CH  :  CH  . dto CH,  CO  CH,.CHj.COjH 
—  r,  ,||  ,j|  Srii  L*Tsj2ic  Add. 

3^0x7- eviscerated  Aeadfc— OiT-Bethylene  acetic  add.  foraaerly  caT.ed  f-ffmyl- 
jc«x  ^->.j  rre-g  fa  ooessadered  an  cssaissraied  3-oxy  add  ? compare  oxy-mechyiase 

'x  31 G  . 

3-  Oai  -c-r-;  jijr  yt-i/.  F-jemtI  Acetic  Add,  Oxy  me? hy.ene  Acetic  Add,  HO .  CH  = 
CH .  Of  H  esr.T  fotBh,  CHO .  CHL, .  CO,H  .  Its  tsa  is  Ksnaed  by  the  ccnden- 
**MB  cif  »«*»  jg*r  with  fondc  ester  MetaHir  sodezra  is  csed  far  this  porpase. 
U  readSy  c  jcdeeaes  to  trhaedc  esier  or  benzene  1 . 5-  5-mcarboxylic  ester,  C^H, 
,fXWCJL\.  B  21  1  Lth  .  Tbe  so-dhts  czz^-prmsA  ot  the  3  oxy -acrylic  ester  com- 
I««lrkh  acetyl  chloride  to  the  acetate  CH  iCOCH,  -.  CH .  CO^H*.  boiling  at 
1 26s  ’•eerier  46  sam  ,  vhida  bresnne  changes  to  the  aeetau  of  a3-Dtkr»m-i-*xj- 

3* 
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prepismic  ester,  CH, .  CO .  OCHR .  CHBr .  CO,qHj.  boCing  at  _ 

This  rereads  the  coosdtndoo  of  the  acetate  (R.  25.  iq*£  .  Cocg~-— ?-«■- 
acid  coETerts  fomri  tctoc  add  ku>  cmamaRc  add  (see  this  .  r 

a-Osymetiyieme-prtpieaic  Estrr,  methyl -formyl  acetic  es; r.  HO  .CH  :  C  CH 
OOjC^Iy  boils  zi  100-162=.  Its  boCs  at  132=  (4S  mm  .  B-Cxr  -  — 

^.xi,CIVqOH)  =  CH.CO,H,  boot  known,  bat  ns  kscfors.  SCSiBKj;  JQ-' 
is  known. 

The  following  bodies  cns  be  regarded  as  derrrzdTes  of  ioxycroccck  ami. 
i-Jfetksxjr,xrasn  isacrwttmic  Ads,  CH, .  qO.  CH,  :  CH .  CQ,H,  m>'  —  r  j;  |2t 
riLLj  be  obtained  by  the  acorn  of  sod:  cm  ethylate  upon  J-cskrrsocrotGnic  ethrl  essr 
(p.  2S0)  (A.  219.  344 >  isxr.-t.mi:  Ethyl  E~ter,  60=  ^cL:rh> 

crcftooic  ethyl  ester  and  sodizm  Eea;h:e  (A.  256.  207  .  bails  sz  ijSz.  3- Ms  :Zy- 
ds\is*cretrKi^  Etiyl  Ester,  Coen  ace to&cedc  ester  and  d-aacm ethane  in  r-^r, 
boCs  at  iSS'.  Both  esters  on  sapoolreatioo  yield  the  3-saethcxr  mns  h  - 

crcttnic  add  fB.  28. 1626).  fi-Etiaxyr-isatrwt.mk  Etiyi  Ester,  CH,C  OC,H;  :  CH  - 
meltmg  at  jO'  and  bocmg  at  195,  b  also  forced  when  tceri  th  :rdt  s 
allowed  to  act  open  a  mixture  of  acetoacedc  ester  and  ortbcsctcic  ester  B.z:.  y 


30,  and  oc  sphrrrr.g  oc  carter.  isoxidf 


The  free  acid  b  obtained  by  its _ 

yields  isoprcyy’.ene  ethyl  ether  (p.  136) . 

3-Oiycrotccjc  acid  deriTanTes  are  also  forced  when  seez —  acesoacetic  ester  s 
treated  with  Q .  COOCjH-,  CH,COCi,  and  C^COCl  (see  p.  3:7  .  ACsEzi:-- 
axw-vCnrfo  Ester,  CH,  C  OCO,€^H5)  =  CHCO,qH}.  bods  it  i  31=  is  me  B. 
25.  1700).  ^-Acetylssjcrctemie  Ester,  CH, .  C  OC .  OCH,  :  CHCO.C.H,.  teds  £ 
9»-  .12  mm.).  $  Benseri^xycrwUmic  Ester,  CH,  .  C(OCX»CsHi  =  CHCQXjH^ 
In  contrast  to  the  isoefverxies,  in  which  the  three  acc  raiins  are 
anarhrs^  to  the  a-czrixo  atom,  the  ^-oxycrotocic  esters  do  use  cisscde  in  :h*  fa- 
jes.  Acoaoxss  cmoc  them  to  israt  to  aoeioacettc  ester.  At  low  [interims 
t^ke  cp  bromine.  Their  formats:*}  Dtc  sane  acetocceic  ester  arzn—  -- 
fcrenia  CH,  .  qOXa)  :  CH .  CO,C,H5  of  the  latter  (p.  372). 

I’*™  ®  OijoJe — e  adds  are  known  in  the  fore  of  the-r  hotee:  soose  tt 


them  hare  been  prepared  by  the  distillation  of  >  -ketocic 
acetyl  temlimc  (p.  379)  acids  yidd: 


:  rr-^,  tcn^'mic 


a-AogdUa  Luteme,  CH, .  C :  CH .  CH,CO<!>,  mehrr.g  ai  iSr  and  bo  .  rg  21  I  - 

S  CH, :  C  —  CH, .  CH,COO,  boiling  at  S3=  25  mm  ,  gradeaSy 

changes,  when  disu..ed  cader  ordinary  pressure,  into  a -angelica  lactooe. 

ParasoTbln  Acid,  or  Sorbin  OB,  CH,.CH,  .CH  .CH  :  CH .  COO,  or  CH,  -  - 

CH  .  CH,.  CH  :  CH  .  COO,  baling  at  22I3,  occurs,  together  with  malic  acid.  - 

"“I*  nMomain  ash  berries  (Serrxi  ameaparia  k  It  is  optfo*p? 
*v~ 5  e  vfmr.l-  T  *°-8-  “**  *s  an  energetic  emetic.  It  passes ‘into  sorbic  add  p-  ~ 
ZiTfo^SfjSt  £0<Sf,  ^TdrDlidc  «•  bydrochwVcM  (B.  27.  344s-. 

A  ^toated  d-betooes  haTe  been  obtained  fen  ctmnml:  aod  and  bodehydxaceoc 
*od  b7  the  sphtaeg^ff  of  carbon  dioxide: 

C  fH=™  -CH  =  CH .  coi,  _d&«  «  +  5=  -d  bo&i  a 

C  (30  mm  ),  has  an  odor  like  that  of  comnarin  »A.  2^4  2c3j.  _ - 

_  .  CH,C  =  CH  —  C(CH,1  =  CH . OT>*; 

„  c  ^*1?  ?45°-  VV"ben  heated  with  ammonia  k  changes  to  m-  - 

wtediene  lactem  (p.  363 

*  2^  vnsazurized  orr-carboiyiic  aod  (p-  280  - 

Unsaturated  3-Atnido-acids  and  d-Hwdrazido-acids. 

Esters  of  un^rated  J  aimdo  ao^  are  f^med  when  ammteia  or  psax?  ** 
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^  *  (*.  ■».  **  >5.777)---  ^  ’D°Mir 

“WKrtk.Wf’  fa*.  CHS  'H  :  CH . O0,CtHj.  toSi^  a'-  34°.  B  f—3»“d 

when  iffiavAU  ****  ******?  -  ^  ciBB(S  *  ^  r^rert  to  zcetoaceuc  ester 

(B.  rt'  K  a  eries  protea  a  ok,  which  si  13c''  is  re- 

(A-  236,  ^5^)*  .  ^  tVf^  cs^erof  212  led  ^bdam-caiteiylic 

t  A.  ^  ,7».  Fct  the  effect  of 

beat  epori  the  free  e*a  coook  B  S, ? CH  COCJIs.a  thick  oil,  distils  un- 

pfc»rU-«>«e  caAoxyBc  ~d  (B'  20,  947. 

13  These  derivative  of  ^omdcncrotocic  acid  onifc*  no  mc.ination  awards  the 
formate  of  teple,  cydfc/Mte**  la  when  they  condense  through *eute- 

actkm  of  two  molecules,  bodies  of  complex  coostactioo  bstituted 

however,  immediately  change  what  hydrazine  ana  p -enylnydraitnejsz  «****«! 
for  ammonia  and  ammonia  bases  in  the  reaction  with  acetoacetic  c  =•  -  . 

deucy  on  the  part  of  the  reselling  primary  p-byteado-cnJtaiBcacid 
lactam  formation  is  exceedingly  great.  The  prodocts  haTe  been  calle  py 
derivatives.  Antipyrine  belongs  to  this  class.  Should  it  seem  desirable  to  introdu . 
a  special  name  for  these  lactams,  in  winch  the  lactam  nitrogen  is  joined  to  a  second 
nitrogen  atom,  they  might  be  designated  lutmams.  Thus,  ,f  hydrazido  crotonic  ester 
loses  alcohol  and  passes  easily  into  the  corresponding  lactazam — 3-methylpyrazo  on  : 

CH, .  C :  CH .  CO .  OC,H,  _  CH,.C;CH.CO 


NH— NH, 

Lactams  of  U nsaturated  «J'Amido-acids. 


NH - NH 


J™- 


CO 


melting  *t 


o-Pjrridone,  [d- Amino-pentadifn-lactam^  CH-/^  ^ 

K**,  is  obtained  from  the  reaction  product  of  ammonia  ar.d  coumalic  acid  aflei ' 
elimination  of  carbon  dioxide  (B.  18,  317).  It  can  be  converted  into  the  o 

Ethylirnide,  CH^H  ~  ^  .  C,H„  boiling  at  258®  and  a-hth „*y/-t *UkU, 

NCH  =  CHX 

boding  at  156°,  and  possessing  an  odor  like  that  of 


CH 


:  CH 


pyridine  (B.  24,  3144b 

Picudolutidoityril,  dimethyl a-pyridone,  menlene  lac  a  , 

*  N3H  =  C(CHfr 

J-W-**  ,80-.  an'l  boilta*  a.  y>S°. »  »b“ 

lactone,  and  from  the  two  monocarboxylic  acids  of  t  .  y 

of  CX)2(A.  259,  168). 

8.  ALDEHYDE  ACIDS. 

These  are  bodies  which  show  both  the  propertits  of  a  carboxyl.c 
acid  and  of  an  aldehyde.  Formic  acid  is  the  stmplMt  r  P  series  Df 
of  the  class,  and  it  is  also  the  first  member  of  the  h0"°Of°"de^vaUves 
saturated  aliphatic  monocarboxylic  acids.  But  it  and 
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have  been,  with  repeated  reference  to  its  aldehydic  nature,  discussed 
before  acetic  acid  and  their  higher  homologues.  The  best  known  alde¬ 
hyde  carboxylic  acid,  a  compound  of  the  aldehyde  group  CHO  with 
the  carboxyl  group  COOH,  is  glyoxylic  acid,  which  is  an  oxidation 
product  of  ethylene  glycol. 

Glyoxylic  Acid,  Glyoxalic  Acid  [Ethanal  Acid]  (HO)2 .  CH 
C02H,  was  found  by  Debus  (1856)  among  the  products  resulting  from 
the  oxidation  of  alcohol  with  nitric  acid.  It  occurs  in  the  unripe 
gooseberries.  Just  as  chloral  hydrate  is  to  be  considered  as  trichlorethi- 
dene  glycol,  CC13CH(0H)2,  so  crystallized  glyoxylic  acid  can  be  re¬ 
garded  as  the  glycol  corresponding  to  the  aldehydo-acid,  CHO .  C02  H. 
All  the  salts  are  derived  from  the  dihydroxyl  formula  of  glyoxylic 
acid;  hence  it  may  be  designated  dioxy-acetic  acid.  Like  chloral 
hydrate,  glyoxylic  acid  in  many  reactions  deports  itself  like  a  true 
aldehyde  (B.  25,  3425). 

Methods  of  Formation. — Glyoxylic  acid  is  obtained  by(i)  oxidizing 
glycol,  alcohol  and  aldehyde  together  with  glyoxal  and  glycollic  acid; 
(2)  by  heating  dichlor-  and  dibrom-acetic  acid  to  230°  with  water 
(B.  25,  714);  (3)  by  boiling  silver  dichlor-acetate  with  water  (B.  14, 
578);  also  from  hydrazi-acetic  acid  (p.  366). 

Properties. — It  is  a  thick  liquid,  readily  soluble  in  water,  and  crys¬ 
tallizes  in  rhombic  prisms  by  long  standing  over  sulphuric  acid.  The 
crystals  have  the  formula  C2H404.  It  distils  undecomposed  with 
steam. 


Salts.  When  dried  at  ioo0,  the  salts  have  the  formula  C,H,MeO..  The  ammo- 
mum  salt  alone  has  the  formula  C2H(NHJ03.  The  calcium  salt ,  (C2H304)2Ca, 
crystallizes  with  one  and  two  molecules  of  water  (B.  14,  c8?),  and  is  sparingly  solu¬ 
ble  in  water.  '  J 


It  re- 


eportment.  Glyoxylic  acid  manifests  all  the  properties  of  an  aldehyde.  *~ 
uces  ammoniacal  silver  solutions  with  formation  of  a  mirror,  and  combines  with  pri- 
rnary  alkali  sulphites  (p.  I91),  with  phenylhydrazine  (B.  17,  577),  with  hydroxy lamine, 
thiophenol  and  hydrochloric  acid  (B.  25,  3426).  When  oxidized  (silver  oxide),  it 
r'fr/'r^tjx3 ’  by  reduction  it  forms  glycollic  acid  and  racemic  acid,  C02H  •' 
(  ).  CH(OH)COOH.  On  boiling  the  acid  with  alkalies,  glycollic  and  oxalic 

acids  are  produced  (B.  13,  1931). 

This  reaction  is  extramolecular.  It  completes  itself  by  the  intramolecular  rear¬ 
rangement  of  the  glyoxal,  under  like  conditions,  into  glycollic  acid : 


COOH 
2  * 

CHO 

Glyoxylic 

Acid 


COOH  COOH 

+  H20  =  c;H^0H  +  COOH 

Glycollic  Oxalic 

Acid  Acid. 


When  hydrocyanic  and  hydrochloric  acids  act  upon  glycollic  acid,  a  like  transpo¬ 
sition  ensues.  See  conversion  of  urea  into  allantoin.  , 

The  acids  obtained  by  the  condensation  of  formic  ester  with  acetic  ester  and 
mono-alkyl  acetic  esters  are  unsaturated  /3-oxy-acids.  Thev  were  formerly  thought  to 
be  p-aldehydo-acids.  Formyl  Acetic  Acid ,  CHO  CII,  .  COOH,  is  of  this  class. 
O xy- methylene  Acetic  Acid ,  HO .  CH :  CH  .  C02H ,  is  another.  These  oxy-methylene 
fatty  acids  have  been  already  described  in  connection  with  the  oxy-paraffin  carbox)  1 
acids  (p.  361). 


-*  »***"»*»*■ 


Sfj5 


mUtMtAltO  ALDEHYW>-ACIM. 

»«? 

ssriSa?  Vap^JTi- 

Im  !/«» ^  '  «/‘  CO^°  -  ,,.t 

-- — “«SBST3,'T'T 

Mw.«ifr<mu  Acid ,  * vut' 1  ^ 

fciC  /  W 


NJTftCCEK  DERIVATIVES  OF  THE  ALDEHYDO-ACIDS. 

iJuwwcak  acid,  SfM  .CO,H,  U  the  roost  remarkable 
rtfrmyKc  acid,  As  it  contain*  two  doubly-hnked  nitrogen  atoms, 
uz’c.  _ ^  au.  _ si; nsr  rehash  ( see  diazobenzene  i. 


^  arc  M/riii/jjicu  w  iwv 

they  arc  joined  to  a  tingle  carbon  atom,  ^CH.CO,H.  Separated 

by  add*  fr'/rn  it*  salt#,  it  undergoes  an  immediate  decomposition,  but 
H  h  quite  stable  in  it*  ester*  and  it*  amides.  . 

The  sodium  salt*  of  the  diazo-acid*  have  been  prepared  by  reducing 
the  isonitraimne  fatty  acid*(p.  360)  with  sodium  amalgam  ( W.  lraur^e, 
h.  29,  667); 


ho,n/;h/x>,h  +  2ii  =  211/j  +  *** ;  CH  •  c0*1*- 

The  <^ters  of  the  diazo-acid#  result  when  potassium  nitrite  acts  upon 
toe  hydrochloride*  of  the  arnido- fatty  acid  esters  (p.  355)  (Curtius, 
l^$>  B,  29,  759)5 


ffd.fi iji >cj t , .cxy/:tut  .  no,k  = 

f/l)</^r  Efter 
Hydrochloride 


N, :  CH .  COjC,H,  +  KQ  +  2H,0. 

Diazoacetk  Eater, 


Fh*  dia//>  acid*  are  very  volatile,  yellow -colored  liquid*,  with  peculiar  odor. 
IVy  ditfj)  u tAtrjjnuytwA  with  tteam,  or  under  reduced  pressure.  1  r»ey  are 
soluble  in  water,  but  mix  readily  with  alcohol  and  ether,  I.ike  acetoacetic 
*****  ijf# y  are  feel/U  acid*;  the  hydrogen  of  their  CHN^group  can  t^e  replaced  by 
all' sdi  metal*,  'Mil*  change  may  l>e  effected  by  the  action  of  alcoholates.  Aqueous 
u ***’  gradually  xajv/nify  and  dissolve  them,  with  the  formation  of  salt*,  CHNr  - 
^  Acid*  d^/4»|K)fC  thev'  at  once  with  the  evolution  of  nitrogen.  Sodium 

reduce*  them  to  hydrazinoacid*  (B.  29,  667), 
dla%oaritat€i  yellow  in  color,  dissolves  with  extreme  ease  in  water.  1  ne 
reaction  *A  it*  solution  i*  alkaline, 

Kthyl  Diaaoacctate,  CHN,,CO-  ClI*  boil*  at  143-144°  (under  120  mm. 
poixure)'  iuxp.gr  i*  1,073  **  22°.  When  chilled  it  *olidi fie*,  forming  a  l^afy, 
'rytfdhrie  mass,  melting  at  ^—24^.  It  explodes  with  violence  when  brought  in  con- 
with  concent# ated  sulphuric  acid,  A  blow  doe*  not  have  thi*  effect.  It  is  a 
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feeble  acid.  Its  mercury  salt,  Hg(CX, .  CX),  .  C,HS\,  melts  with  foaming  a:  ia±° 
It  results  when  yellow  mercuric  oxide  acts  upon  diazoacetic  ester.  The  aiixtue 
should  be  well  cooled.  It  separates  from  ether  in  transparent,  sulphur-ve'  -* 
rhombic  crystals.  Concentrated  ammonia  converts  it,  like  all  other  esters,  into  - 
amide,  diazoacetamide.  CHX,  CO.  XH„  melting  at  14s  with  decotmxsitio- 
When  diazoacetic  ester  is  reduced  it  breaks  down  into  ammonia  and  glvcocod 
,  -  . 

Hydrast-acetic  and,  1  >CH .  CO,H,  stable  only  in  the  form  of  its  salts,  is  an  inter- 
^  H 

mediate  product.  Acids  decompose  it  into  hydrazine  and  glyoxrlic  add  B.  27.  — ; 

The  diazo  compounds  of  the  marsh  gas  series  are  especially  reactive.  They  skit 
off  nitrogen,  and  its  place  is  taken  either  by  tz tv  univalent  atoms  or  radicals.  ' 
(I)  The  diazo-esters  are  converted,  by  boiling  water  or  dilute  adds,  into  esters  of 
the  axy-fatty  acids  (glycol  acids,  p.  330)  : 

CHX, .  CO, .  C,Hj  -f  H,0  =  CH,(OH) .  CO, .  C,HS  -f  X, 

Ester  of  Glycollic  Acid. 

This  reaction  can  serve  for  the  quantitative  estimation  of  the  nitrogen  in  diato- 
derivatives.  (2)  Alkyl  glycollic  esters  are  produced  on  boiling  with  alcohols: 

CHX, .  CO, .  C,H-  -f  C,HS .  OH  =  CH,<  O .  C,HS) .  CO, .  C,H5  -  X, ; 

Ethyl  Gi\ collie  Eth\  l  Ester. 

a  small  qittotkj  of  aldehyde  is  produced  at  the  same  time. 

(3  -  Add  derivatives  of  the  glycollic  esters  are  obtained  on  heatin^  the  ciajo-cocQ- 
potLnds  with  organic  acids : 

CHX, .  CO, .  C,HS  +  C,H,0 .  OH  =  CH,(0 .  C,H,Ol .  CO,  C,HS  -  Xr 

Acetic  Acid.  Aoeto-ghcollic  Ester. 

The  ha. oid  acids  act.  even  in  the  cold,  upon  the  diu^KOffipotccs  The 
products  are  j*7j}  / 

CHX,  CO, .  C,HS  +  HQ  =  CH,Q .  CO, .  C,H5  -f  Xr 
(5)  The  halogens  produce  esters  of  dihaloid  fury  acids : 

CHX, .  CH,.  C,H5  +  I,  =  CHI, .  CO, .  C,HS  -f  Xr 

Dwodo-acetic  Ester. 

Di^o-acetamide  is  changed,  in  a  similar  manner,  to  di-iodo-acetamiie.  CHI,- 
'  .  *V  I  titration  with  iodine  it  is  possible  to  emplov  >hk  reaction  Wf  ;-s 
quantuanve  esumauon  of  diazo-fhtty  coapoEds  tB.  18,  ic>5). 

“dido-fatty  acids,  C,HS .  XH  .  CH, .  COJR.  result  fro*  tie 
»«*»  d.'“°  171  They  rover;  to  the  anwkvaods  cre- 

redtwoonjwun  «nc  oust  and  glacial  acetic  acid  .  Hvdrarinefattv  acids  are  inter- 
Tnese  .ro  not  very  stable  (B.  17,  057). 

t^rkL-The  °f  -.tbe  ac*k  unite  with  a  dehvdes  to  Sxm  esters  of  the 

be*u°y|**tic  C.H, .  CO .  CH. .  CO,  -  C,HS  B.  iS.  -\:'c 
IWaceuc  ester  produces  a  peculiar  ester  by  its  union  with  ben:  one.  Tbf 

«S  laomenc  With  pber.y!  acetic  ester.  QH  .  CH.-COX,!!,  VB-  iS-  2577^ 
t  probably  has  one  of  the  following  constitutional  formulas : 


CH^  |  XCH 
K  HCX 

cVh  'ch 


CH 


or 


CH 

CH^  XCH. 

Vhx, 

L\hCH 


in  which  X  represents  the  group  CO,C,H4  ^B.  59.  10S). 


(to) 


siteoges  ddutahves  or  the  aldehtdo-acids.  367 

1  iv  -«  rf.  <“,Tlic’ 

-  oLw  r'Aline  to  addkire  pcodects,  which  crystallize  well  - 
■c,  twnanci  <■*»-*« 


CH, 

rox.^h 

kaywc  Ester 


N,CH  -  CO,R  = 

Diazoacdk  Eaer 


CO,R.C- 


XH, 

I 


X — XH — CH .  CO,R 

3,  ^Pyrazotnic  Dicarboxylic  Ester. 


0.  &.  ifffa*-  of  h«  ourogoo  trineayloo. 

jcatloijik  add  rcsdu  s 


RO, 


cS>VCHO?*R=  ro,X/CHC°!R 

Tri»ti  Hyi^^-dicarbaxy lie  Ester. 


Starting  with  diazoacetic  esters  Curtius  obtained  ox  hydra- 

zinc ,  NH, — NH,  (B.  27,  775)  and  from  the  latter  hydromtnc  acid, 

X,H,  hy dr azoic  acid. 

Triazo-acctic  Acid ,  TraaMi®ttLjkoe4ricartiOTylic  acid, 

v  —CHCOjH 
CO,H  -  CHX  >N,  * 

*  SX, — CHCO,H 

a  fcJymmzatioo  product  of  diazo-acetic  add,  »  the  siarting  out  material  for 

'^SLtuTSLl  .1*0  «»>«««*  wfioo. 

«er;  k  crywallizes  with  3H,0  in  brilliant  7n  ',ublTin 

at  152*  wbJ  rapid-,  bated  {jS! a*,  K.  133,  ^  The 

coid  water,  ether  and  benzene,  bat  triable  in  alcohol  and  g  a  .  down  into 
sodium  sail  duv^res  with  difficulty,  Tbe  free  acid,  on  he^  i  ^  jjH 

CO,  and  ccicrleM,  crystalline  Trimdhitu-trtazimuU,  j^|_j _ X ;  CH  ^ 

Triazo-acetic  add  upon  digestion  with  water  or  mineral  add*  is  resolved 
oxalic  add  and  Hydrazine ; 

C ^JjXyCOjH),  +  6H,P  =  3CjHA  +  3NjH<- 
HO.  N  =™co,H,  “Wg." 

from  glyosyKc  acid  and  hydro* ylamine ,  a*  well  as  acetic  Ethyl  Ester,  a 

*»d  #WL.  < A  bydroxyUmm*  and  can  a  tic  P"^1'  7b  28,1213)- 

thka  dl,  i*  changed  by  oxidation  to at  l8^,  result. 
Oximido-acetHUilic  Acid,  ^^I'lf  ^^^'in’alkllili’  .olutioS  (A.  289,  298)' 
from  ox.mtdo-acettc  ^  "w-',f  af  ON^CH  .  CN,  melts  at  46°  (B.  *5.  9«b 
Oxtmulc  acetrcnitnU  Acetate,  LM*.  UJ  ./‘  ....  m  ,,  n,.]u  at  u7<>  with  foam 

ft-Oximide  pT'/pu/nic  Acid,  HO .  N  ==  C1I  -  CH,  .  CO,  C  7  ,{  2$ 

iV  •  -  - 

known,  but  rearrange.  iuelf  to  oxymethylene  acetic  acid  (p.  3°')* 

Hydrazone*. — Hienylhydrazone  f  Jlyoxylic  Arid,  C.t  I  N  1 1  — 

CM  .  CO,H,  melt*  with  decomposition  at  137  (A^22  >  353ftw 

pare  phenyl  h  y  drazido-acetic  add.  Pyrazolon,  ^  ell,  .  CO* 

lactazarn,  which  rnay  be  derived  from  the  nnknrnvn  half-aldehyde  of 
malonic  acid  i*ee  oxymcthylene  acetic  aetd,  p.  360- 
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9.  KETONIC  ACIDS. 

These  contain  both  the  groups  CO  and  CO,H ;  they,  therefore 
show  acid  and  ketone  characters  with  all  the  specific  properties  pecu¬ 
liar  to  these.  In  conformity  with  the  manner  of  designating  the  mono- 
substituted  fatty  acids  and  the  various  di ketones  (pp.  274  and  32 1),  we 
distinguish  the  groups  a-,  /?-  and  y-  of  the  ketonic  acids: 

CH3.C0.C02H  CH3.C0.CH2.C02H  CH8 . CO .  CH2 .  CII2 .  C02H 

a-Ketonic  Acid  /3-Ketonic  Acid  y-Ketonic  Acid 

Pyroracemic  Acid  Acetoacetic  Acid  Laevulinic  Acid. 


The  a-  and  y-acids  are  quite  stable,  even  in  a  free  condition.  This  is 
only  the  case  with  the  /3-acids  when  in  the  form  of  esters.  If  they  are 
set  free  from  these  they  readily  decompose. 

The  names  of  the  ketonic  acids  are  usually  derived  from  the  fatty 
acids,  inasmuch  as  the  acid  radicals  are  introduced  into  these; 

g-~ 

ch3.co.co2h  ch3  .  CO .  ch2  .  co2h  CH3CO .  CH2 .  CH2 .  C02H 

Acetyl-formic  Acid  Acetyl-  or  Aceto-acetic  Acid  /3-Acetyl-propionic  Acid. 


or  these  acids  should  be  viewed  as  /(’^-substitution  products  of  the 
fatty  acids  or  oxofatty  acids  (p.  21 1)  : 


CH3.C0.C02H 

a-Ketopropionic  Acid 
a-Oxopropionic  Acid 


CH3  .  CO .  ch2  .  co2h 

0-Ketobutyric  Acid 
0-Oxobutyric  Acid 


CHS .  CO .  CH2 .  CHr  C02II 
y-Ketovaleric  Acid 
y-Oxovaleric  Acid. 


The  Geneva  names”  are  formed  by  the  addition  of  the  word  “  acid”  to  the 
names  o  t  le  ketones,  as  the  ketonic  acids  may  be  considered  as  the  oxidation 
products  of  the  latter : 


CH3C0C02H 

[Propanon  Acid] 


CH3CO .  CH2C02H 

[2-Butanon  Acid] 


ch3coch2ch2co2h 

[3-Pentanon  Acid]. 


onnation .  The  more  stable  a-,  y -  and  <5-ketonic  acids  can  be  pre- 
pare  y  t  e  oxidation  of  the  secondary  alcohol  acids  corresponding 
o  ^em.  Other  methods  will  be  given  under  the  individual  classes 


in  n r^sformailons%'  The  ketone  nature  of  these  acids  manifests  itself 
acids  in tn reac^10ns?  nascent  hydrogen  converts  all  the  ketonic 
suluhites  alcohol  acids.  They  unite  with  alkaline 

>  iy  roxylamine,  and  with  phenylhydrazine. 


A.  PARAFFIN  KETONE  CARBOXYLIC  ACIDS. 

a-Ketonic  Acids— R.  CO  .  CO.H. 

acid-fi^n^r^  ^etone  8rouP  CO  is  in  direct  union  with  the 
pounds  of  b-d  ^X>i  gr°Up’  C0*H-  We  can  view  them  as  com- 
HCO  OH  in  raj  s.nit  1  carboxyl,  or  as  derivatives  of  formic  acid, 
’  w  11c  1  t  le  hydrogen  linked  to  carbon  is  replaced  by  an 


PARAFFIN  KETONE  CARBOXYLIC  ACIDS. 


•  j  r.dicai  This  view  indicates,  too,  the  general  synthetic  method 
«fl£on  of  these  acids  from  the  cyanides  of  acid  radicals  (p.  37°), 
whfch,  by  the  action  of  concentrated  hydrochloric  acid,  are  changed 
to  the  corresponding  ketonic  acids : 


CH3 .  CO .  CN  -f  2H20  +  HC1  =  CH3 .  CO .  C02H  -f  NH4C1. 

(i)  Pyroracemic  Acid,  Pyruvic  Acid  (acetyl  formic  acid),  \Pr<h 

panon  Acid],  CH3 .  CO  .  C02H  melting  at +3°  andr  boihn?  at  61 
(12  mm.),  was  first  obtained  in  the  distillation  of  tartaric  aci  , 
racemic  acid  (Berzelius,  1835)  and  glyceric  acid.  (1)  The  acid  is 
made  by  the  distillation  of  tartaric  acid  alone  (A.  172,  142)  or  with 
potassium  bisulphate  (B.  14,  321).  We  may  assume  that  in  this  de¬ 
composition  the  first  product  is  a-oxy acrylic  acid,  which  at  once 
rearranges  itself  into  pyroracemic  acid  : 


CH(OH) .  C0,H_CO2_H2O  C(0HjC01H _ 

CH(0H).C02H  ch2 

Tartaric  Acid  Hypothet.  a-Oxy-acrylic  Acid 


CO .  co2h 
ch3 

Pyroracemic  Acid. 


4- 


It  is  synthetically  prepared  from  (2)  a-dichlorpropionic  acid  (p.  275)* 
when  heated  with  water;  (3)  in  the  oxidation  of  a-oxypropionic 
acid  or  ordinary  lactic  acid  with  potassium  permanganate  ;  (4)  by 
the  decomposition  of  oxalacetic  ester ;  (5)  from  acetyl  cyanide  by 
the  action  of  hydrochloric  acid  (see  above). 

Pyroracemic  acid  is  a  liquid,  soluble  in  alcohol,  water  and  ether, 
and  has  an  odor  quite  similar  to  that  of  acetic  acid.  It  boils  at 
1 65-170°,  decomposing  partially  into  C02  and  pyrotartaric  acid 
(2C3H403  =  C5H804  +  C02).  This  change  is  more  readily  effected  if 
the  acid  be  heated  to  ioo°  with  hydrochloric  acid.  It  volatilizes 
without  decomposition  under  reduced  pressure.  Its  ethyl  estei  boils 
at  1440  (B.  26,  R.  769,  775). 

Transformations. — The  acid  reduces  ammoniacal  silver  solutions  with  the  produc¬ 
tion  of  a  silver  mirror,  the  decomposition  products  being  C02  and  acetic  acid.  en 
heated  with  dilute  sulphuric  acid  to  150°  it  splits  up  into  CO,2  and  aldehyde,  Cl  3  . 
COH.  This  ready  separation  of  aldehyde  accounts  for  the  ease  with  which 
racemic  acid  enters  into  various  condensations,  e.  g.,  the  formation  of  crotonic  aci 
by  the  action  of  acetic  anhydride  (p.  278),  and  the  condensations  with  dirneth}! 
aniline  and  phenols  in  the  presence  of  ZnCl2.  The  acid  condenses  with  the  benzene 
hydrocarbons,  in  the  presence  of  sulphuric  acid,  wdthout  decomposition  (B.  14,  *595  » 
*6,  2071  ;  B.  18,  987,  and  19,  1089).  _  . 

Pyruvic  acid  is  monobasic.  Its  salts  crystallize  with  difficulty.  Its  zinc  sa .  , 
f^3B303)2Zn  -|-  3H20,  is  a  crystalline  powder,  soluble  with  difficulty  in  water, 
the  salts  are  colored  red  by  ferric  chloride.  f 

When  the  acid  or  its  salts  are  heated  with  w’ater,  or  if  the  acid  be  set  tree  rom 
its  salts  by  mineral  acids,  it  passes  into  a  syrup  like,  non-volatile  mass. 

Pyruvic  acid  forms  crystalline  compounds  with  the  acid  alkaline  sulphites • 
resembles  the  ketones  in  this  respect.  Nascent  hydrogen  (Zn  and  IiCl,  or  ) 
changes  it  to  ordinary  a-lactic  acid,  CIIs.CH(OIl)  .  C02H,  and  dimethyl  racemic 
acid.  Mercaptans — e.  g .,  phenyl -mercaptan,  combine  with  pyroracemic  acid  to  form 
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acid/n  b0iIiDi  With  baryta0;r^rs^c]?e 

k  srasrusaraai? 

aldehyde.  This  is  a  reaction  capable  of  wider  generalization  Fr»r  fv,  T  ^  a^et* 
of  the  acid  with  formaldehyde  consult  tetramethylene  dioxalic  acid.  6  COn  ensatlon 
Halogen  Substitution  Products  of  Pvroracemic  Arid  t 
AM.  Isotrichlor-glyceric  Acid,  CCI, .  CoT^H + Hfi  = a£q8ffi£5g 
melting  at  102  is  produced  (1)  when  KClO/and  HC1  act  upon  gallic  add  and 

6«6WiWd*  f  -  &  thC  aCf10n  °-f  chlorine  water  uP<>n  chlorfumaric  acid  (B  26 
65&) »  (3)  fr°m  tnchlor-acetyl  cyanide.  ’ 

SuhstiluUon  products  result  by  heating  the  acid  with  bromine  and  water  to  Ioo«  • 

rZ'r  'ty:m''‘  ^ ^  -  cl°H).c°,H  +  H.O,  melts  a.  890.  aahv.  mus' 

’  CBr,.C(OH),.CO,H  +  H,0,  fuses  at  96°  ,  anhydrous 
acid  le''  ed  WKh  "'ater  or  am[uoma,  it  breaks  up  into  bromoform,  CHIirs.  and  oxalic 

Homologues  of  Pyroracemic  Acid. 

Propionyl-carboxylic  Acid.  C2H5 ,  CO .  C02H,  boils  at  74-78°  (25  mm.), 
rp  -  3^ -carboxyhc  Acid,  CjH. .  CO  .  COsH,  boils  at  185°  (82-S4  mra.). 
tij  7,'„y  ?yr0ralem,C  Acid-  (CHA.C.CO.  CO.H,  results  from  the  oxida- 
(B  23  R  21)  me  "lth  P01^111™  permanganate.  It  melts  at  90°  and  boils  at  185° 

Nitrogen  Derivatives  of  the  a-Ketonic  Acids. 

chlonV  ariAgi0ne  are  Pro<luced  by  the  action  of  cold  concentrated  hvdro- 

chlom  acid  upon  the  a-ketone  nitriles.  Pyroraccmamidc,  CH, .  CO  .  CO  .  NHa.  melts 
(%a.K£roTnA  Forniamidet  C,H5CO.CO.  NH„  melts*  at  116°  (B.  13.2121 ). 
cyanide  •  ‘  *  *  ^es  resub  on  heating  acid  chlorides  or  bromides  with  silver 

CjH3OC1  +  AgCN  =  CjHsO .  CN  -f  AgCl ; 

Sen"hsuehhi  aci7i,nt  ?•*!“  ‘  “l1'  Atones  ore  treated  with  dehydrating 
agent*,  such  as  aceUc  anhydride  (p.  326;  B.  20,  2196)  : 

CH, .  CO .  CII :  NOH  =  CH, .  CO .  CN  -f  Hs0. 

veiSf  bywater*' nfuiiT  Ve?’  stable’  and»  unlike  the  alkyl  cyanides,  are  con- 
CHj.CO.CN  4-  H  oUeCHUr^e,r^CurreSp°ndinS  acids  and  hydrogen  cyanide, 
acid,  on  the  contrary*  thssW  .  . 3  •  +  CNH.  With  concentrated  hydrochloric 

(p.  266),  i.  e  carboxvl  d  SUStain  a  transposition  similar  to  that  of  the  alkyl  cyanides 
(see  theke)-^  Winced  wT  °f  radicals~t^  called  a-ketonic  acids 

acids  are  intermediate  products  ^adsen)^*1**1’  3nd  the  anudes  of  the  a’ketomC 

CH, .  CO .  CN  ^  ho 

•  CO  •  CONHj-JI^-sCHjCOCOOH  +  NH.CI. 

Acetyl  Cyanide,  CH.  CO  rv  km 
or  by  the  action  of  KOH  or  sMium,  U 

compound,  (C.H.OCN),,  diacetyl  cyanide,  probably  CH..CO.  C  -  <1  .CN  (B.  * 

_  .  ’ll 


N  — O 


R.  780).  This  melts  at  6o°  ar.^  km  —  w 

Diacetvl  cyanide  is  als^  a°f  h01  s  at  2°S°. 
anlndride  (B.  i8,  256).  See  IsomaUc  ^^•<^cdon  Potassium  cyanide  upon 


acetic 
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/3-acids,  which  lose  C02  readily,  the  carbonyl  (CO)  group  and  the  CO  H 
group  are  attached  to  the  same  carbon  atom  (compare  malonic  aci  h 
Acetoacetic  Acid,  Acetone-monocarboxylic  Acid  CH  rrv 
CH2.C02H,  /9-Ketobutyric  Acid  [Butanon  Acid].  7'o  obtain  th* 
acid,  the  esters  are  saponified  in  the  cold  by  dilute  potash,  or  the  bariu  6 
salt  is  decomposed  with  sulphuric  acid,  and  the  solution  shaken  with 
ether  (B.  15,  1781;  16,  830).  Concentrated  over  sulphuric  acid 
acetoacetic  acid  is  a  thick  liquid,  strongly  acid,  and  miscible  with 
water.  When  heated,  it  yields  carbon  dioxide  and  acetone: 


CH3 . CO . CH  2 .  C02H  =  CHS  .  CO .  CH3  +  CO 


V 


Nitrous  acid  converts  it  at  once  into  C02  and  isonitroso-acetone  fn.  226)  Tic 
salts  are  not  very  stable.  It  is  difficult  to  obtain  them  pure,  and  they  sustain  changes 
similar  to  those  of  the  acid.  Ferric  chloride  imparts  to  them,  and  also  to  the  esters 

(B ‘°i6  23di4)°  °raUOn'  °CCaSi°nally  the  sodium  or  calcium  salt  is  found  in  urine 


The  stable  acetoacetic  esters,  CHS .  CO  .  CH, .  CO,R,  are  produced 
by  the  action  of  metallic  sodium  upon  acetic  esters.  In  this  reaction 
the  sodium  compounds  constitute  the  first  product.  The  free  esters 
result  upon  treating  their  sodium  compounds  with  acids,  e.  g.,  acetic 

Try  T  ?.btajn.ed  Pure  hy  distillation.  The  acetoacetic 
esters  are  liquids  dissolving  with  difficulty  in  water.  They  possess  an 
ethereal  odor.  They  can  be  distilled  without  decomposition. 

•  1  ?-7 est^rs  0  ac^toacetic  acid,  contrary  to  expectation,  possess  an 

ooldf-  C  lraCuter*  dissolve  in  alkalies,  forming  salt-like  com¬ 

pounds  in  which  an  hydrogen  atom  is  replaced  by  metals. 

erantinv^rimMf  r<ract'ons  °f  acetoacetic  ester  are  more  simply  explained  by 

CH  CfOin  •  CH  cornPoun(i  has  the  constitution  of  fi  oxycrotonic  ester, 

studyine  theoxv^.S  ’  f  JT1  CHsC(°Na)  =  CHCO,C,tf,.  H.™r,  in 

atomic  arrangement _ C( OH t  .°th  "  lc“rnei1  lo  .know  derivatives  possessing  the 

and  were  then  convince  *1  represented  in  the  /3-oxycrotonic  ester  formula 

by  acetoacetic  ester  la  1  leir  deportment  was  much  different  from  that  shown 

and  its  behavior  tmvTf  n  fS  °i  l^e.  ester»  'ts  refraction  (p.  65),  its  molecular  rotation 
has  been  found  that  tl  P  1te  ectri?  waves  (p.  69)  have  also  been  determined,  and  it 
C2H6X^  the  ketone  formula,  CH3 .  CO .  CI12 .  C02- 

ward  orthoformic  ether  i<=  c*  er’  2f9’  I723)>  The  conduct  of  acetoacetic  ester  to- 
with  it,  forming  /3-dieihov  /°^Pro°f  °f  i*s  ketone  nature.  It  reacts  like  the  ketones 

y  utyric  ester  and  formic  ester  (Claisen,  B.  29,  1006) : 

C02C2H5.CH,  corwrw 

CH.io  +  HC(°CjH5))  =  C0»C.H,CII. 


CHti(OC,H,)1  +  H.COOC.IIj. 


jr  .  -2^5/2  I  ~  a 

Cl  L  .  C(ONa)  •  CH  CO*  ^le  SO(hum  salt  does  not  probably  have  the  formula 

stilUnanswered  (A.‘  ^f^WStead  of  CIIa  •  CO .  CHNa.CO, .  C2H6,  is  at  present 

Simultaneously  and  auite  Tn!]!^  i'1ves|'Sated  the  action  of  sodium  upon  acetic  ester, 
eluding  their  studies ^  unoi  h?  dent'y  ?f  Geuther>  Falkland  and  Duppa,  in  con- 
(p.  331),  invested  C  I  f-  aCt'°,n  of  >c  alkyl  iodides  upon  oxalic  ether 
J.  Wislicenus  has  contribute0  '°n  sod,um  and  alkyl  iodides  upon  acetic  ester, 
involved  (1877),  A.  186  161  mater'a"y  to  the  explanation  of  the  reactions  here 
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.  V  orfrU  are  so  very  unstable,  their  more  stable  esters 
areHnptoyed  ip  their  study.  These  can  be  made  according  to  the 
following  reactions : 

Formation  of  Acetoacetic  Ester  and  its  Homologues. 

m  Bv  the  action  of  sodium  or  sodium  alcoholate  upon  acetic  ester. 
T  «  reagents  act  similarly  upon  propmnic  ^  with  the  formation 
of  a-propionyl  propionic  ester,  CH3 .  CH, .  CO  .  CH(CH3).C  a , 

However,  when  sodium  acts  upon  normal  butyric  ester,  isobutync  ester  and 
isovaleric  ester,  it  is  not  the  analogous  bodies  which  result,  but  oxyalkyl  denvati  e 
of  higher  fatty  acids  (B.  22,  R.  22). 


The  formation  of  acetoacetic  ester  from  acetic  ester  is  due  to  the 
elimination  of  alcohol  from  two  molecules  of  acetic  ester  by  the  action 
of  sodium  ethylate.  Claisen  considers  that  the  addition  of  sodium 
ethvlate  to  a  molecule  of  acetic  ester  precedes  the  splitting-o  o 
alcohol.  A  derivative  of  ortho-acetic  acid  is  formed  at  first  (p.  224) . 


O  C  H.  /OCjH5 

CH, .  C(  '  ’  +  C,H,ONa  =  CH,C^OC,Hs, 

NONa 

which  rearranges  itself  with  a  second  molecule  of  acetic  ester  to 
sodium  acetoacetic  ester  and  alcohol : 


=  CHjC(ONa) :  CHCO,C2H5  -f  2C2H5OH. 


This  view  is  based  on  the  following  facts :  (l)  T  he  condensation  of  the  two  uiole 
cules  of  acetic  ester  can  be  effected,  if  less  completely,  by  sodium  ethylate  (instead  ot 
(2)  It  has  been  shown  in  regard  to  certain  acid  esters,  e.g-9  benzoic  et  ij 
ester,  that  they  really  combine  with  sodium  ethylate  to  yield  ortho-denvati\es  o  t  e 
kind  mentioned.  (3)  In  other  condensations,  manifestly  analogous  to  the  ester  or- 
mation,  e.g.y  the  action  of  formic  ester  upon  acid  esters  or  ketones,  the  reaction  pro 
ceeds  very  certainly  to  a  marked  degree  m  the  direction  indicated,  with  t  e  orrndticn 
of  sodium  oxyl-compounds,  c.g CO,  .  C,H5  .  CH  :  CHONa.  (4)  In  the  action  of 
sodium  upon  isobutync  ester,  in  which  the  scheme  of  Claisen  is  no  longer  P°— 1  e,  a 
very  different  transposition  actually  takes  place. 


(2)  The  transposition  of  the  sodium  derivatives  of  the  acetoacetic 
esters  and  mono-alkylic  acetic  esters  with  alkylogens,  especially  a  ky 
iodides  and  bromides. 

(a)  In  acetoacetic  ester  only  one  hydrogen  atom  of  the  group  l.m.2 
is  replaceable  by  sodium.  ( b )  By  double  decomposition  throug  i  tie 
agency  of  alkyl  bromide  or  iodide,  one  alkyl  group  can  be  introduced 
for  this  sodium  atom,  (c)  In  these  mono-alkylic  acetoacetic  esters 
the  second  hydrogen  atom  of  the  methylene  group  of  acetoacetic 
ester  can  be  replaced  bv  sodium.  The  products  are  the  sodium  com¬ 
pounds  of  the  mono-alkylic  acetoacetic  esters.  0/)  It  alkyl  iodides 
or  bromides  be  again  permitted  to  act  upon  these  last  derivative:,,  a 
second  alkyl  group  may  be  introduced,  yielding  dialky^lic  acetoacetic 
esters,  containing  like  or  unlike  alcohol  radicals.  The  o  owing 
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Ester,  boiling  at  169°  (760  mm.).  Methyl  Acetoacetic  Methyl  Ester  CH  COCH 
(CH3)C02CH3,  boils  at  1770 ;  the  ethyl  ester  at  187°  ;  Ethyl  Acetoacetic  Methyl  Est „■ 
CH3 .  CO  .  CH(C2H6)C02CHs,  boiling  at  190°  ;  ethyl  ester  at  198°.  Dimethvl 
Acetoacetic  Ester ,  CH3COC(CH3)2C02C2H5,  boils  at  184°.  Diethyl  Acetoacetic  Ester 
boils  at  218°.  a- Propyl  Acetoacetic  Ester  boils  at  208°.  Methyl  Ethyl  Acetoacetic 
Propio^l  Propmm  Est,r,  MM, l  PropUmyl  AM,c  Eu,r, 
L,H3ChL2LOChL(CH3).  C02C2H5,  boils  at  196°. 

fi-Diethoxybutyric  Acid,  CH3.  C(0 .  C2H5)2CH2C02H,  is  a  syrupy  liquid,  which 
decomposes  on  the  application  of  heat  into  CC2  and  acetone  ortho-ethyl  ether 
(p.  219).  Its  sodium  salt  is  obtained  by  means  of  alcoholic  sodium  hydroxide  fr  in 
/?- diethoxy-butyric  ester,  CH3 .  C(0 .  C2H5)2CH2C02C2H5,  the  product  of  the  trans¬ 
position  of  acetoacetic  ester  and  ortho-formic  ester  (B.  29,  1006).  /3-Diethoxybutyric 
ester  decomposes  upon  distillation  into  alcohol  and  /?-ethoxycrotonic  ester  (p  36’1 
(i-Ditkioetkyl-buiyric  Ester,  CH3C(SC2H5)2CH2C02C2H5,  see  B.  19,  2810;  29',  1648! 

Derivatives  of  the  /3-Ketonic  Acids,  containing  Nitrogen. 

1.  Amides.  Ammonia  converts  acetoacetic  esters  into  /?-Amidocrotonic  Esters, 

while  the  monomethyl-  and  monoethyl-acetoacetic  ester,  with  the  same  reagent,  yield 
the  amides:  b  J 

Methyl  Acetoacetamide,  CH3 .  CO .  CH(CHs)CO .  NH2,  melting  at  7 3°;  Ethyl 
Acetoacetamide,  melting  at  96°  (A.  257,  243). 

2.  Cyanacetone ,  Acetoacetic  Nitrile,  CH3.  CO  .  CH2  CN,  boiling  at  120  to  1250, 
results  trom  the  interaction  of  chloracetone  and  potassium  cyanide  ( B.  25,  2679) ;  from 
lmidoacetonitrile  and  hydrochloric  acid,  and  from  a-methyl  isoxazole  (p.  327). 

3.  Imidoacetoacetic  Nitrile,  CHS.  C(:  NH)CH2  .  CN,  melting  at  52°,  is  produced 
by  the  polymeuzation  of  acetonitrile  with  metallic  sodium  1  J.  pr.  Ch.  [2]  52,  81). 

■  or  *  ?e  actl°nof  aniline,  hydrazine,  phenylhydrazine  and  semi-carbazide,  hydroxyl - 
'ne)r}_1  1(OUS  aci  ’  nitnc  oxide,  diazomethane,  benzene  diazosalts,  urea  and  amidiues 
p  n  .i-ketonic  esters,  compare  the  reactions  5-12,  pp.  37c,  376. 

tCH  fret'll™*”'^  Atidl  a  Dimethyl-/3-dinitrobutyric  Acid,’  CHS .  C(N02)2 . C- 
hniHnl^f  H’  T  W,[h  decomposition  at  215°  C.  It  results  from  the  prolonged 
boiling  of  camphor  with  nitric  acid  (B.  26,  3051). 

Halogen  Substitution  Products  of  the  /?-Ketonic  Esters. 

ester  re  1  -jlae °»} !! °!'  *?  lke  Presence  of  sulphuryl  chloride  acting  upon  acetoacetic 
TCe  hydro™  „r  rtf”  at0l".s  b«lh  “f  the  CH,  and  CH,  froups  by  chlorine. 

substitution  begins  with  &  CH.Vou  ”,1  r’SHn  b“‘  ““  ““  °f  br°°““  °* 

b,^XabSe,,;.f,!i'ei„c)H*  ■ co  ■ c«cic°.  ■  »«■  * »- 

eco  511  ™  $—r>!  CH*Br -co- CH>  •  • 

^  C°DdenSing  thCm  Wlth 

liquid,  boiling  at  *205°  C^3  ‘  £?- ' C-^2  * C0*  C»Hs> is  a  pungent-smelling 

CH, .CO  CHCl  1  decomposes  into  a-dichloracetone, 

acids  aa-Dihrk  lZ  with  alkalie^  it  yields  acetic  and  dichloracet.c 

QNOH1CO  C  Ester  ls  a  li(luid-  It  yields  a  dioxime,  CH3C(NOH)- 

B*r\  CH-Br.  CO.- 

derivatives6  Ace nrd inn  ,n°n|^ acetoacetic  esters  into  monobrom-  and  dibrom- 
when  heated  aloTo  Ll?  <R  '3'  ‘479.  1870)  the  monobrom  bod.es, 

thus  brom  methvl  ''.ater>  spht  off  ethyl  bromide  and  yield  peculiar  acids , 

thus,  brom-methyl  acetoacetic  ester  gave  Tetrinic  Acid  or  Methyl  Tet route  Acid, 
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It  is  furthermore  obtained  by  the  action  of  concentrated  H' SO  nnnn 

COjH  O - CO  4  P 

methyl-glutolactonic  acid,  ch  \£ch  ^  ;  by  the  oxidation  of  its 

corresponding  £-acetopropyl  alcohol  (p.  318),  and  by  the  oxidation  of 
methyl  heptenone  (p.  221),  of  linalol  and  geraniol,  two  bodies  belong¬ 
ing  to  the  group  of  olefine  terpenes.  s 

Lsevulinic  acid  dissolves  very  readily  in  water,  alcohol  and  ether, 
and  sustains  the  following  transformations:  (1)  By  slow  distillation 
under  the  ordinary  pressure  it  breaks  down  into  water  and  a-  and  p- 
angelica  lactones  (p.  362).  (2)  When  heated  to  150-200°  with  hvdri- 

odic  acid  and  phosphorus,  lsevulinic  acid  is  changed  to  n-valeric  acid. 
(3)  By  the  action  of  sodium  amalgam  sodium  y-oxyvalerate  is  pro¬ 
duced.  The  acid  liberated  from  this  becomes  f-valerolactone.  (4) 
Dilute  nitric  acid  converts  lsevulinic  acid  partly  into  acetic  and 
malonic  acid  and  partly  into  succinic  acid  and  carbon  dioxide. 


(5)  Bromine  converts  the  acid  into  substitution  products,  p.  3S1. 

(6)  Iodic  acid  changes  it  to  bi-iodo-acetacrylic  acid.  (7)  I^Sj  converts  it  into  thioto- 
lent,  C^HjS.  CIIj.  bor  the  behavior  of  lsevulinic  acid  with  hydroxylamine  and 
phenylhydrazine  consult  the  paragraph  relating  to  the  nitrogen  derivatives  of  the 
)  -ketonic  acids. 

A  ucleus-synthctic  Reactions^ ;  (8)  Prussic  acid  and  ltevulinic  acid  yield  the  nitrile 

of  lactonic  acid:  CIIS  .  C(CN)CHS .  CHsCO(!),  see  methyl  oxyglutaric  acid.  (9) 
Benzaldehvde  and  laevulinic  acid  condense  in  acid  solution  to  P-benzal-hrt’nlinic  acid, 
and  in  alkaline  solution  to  6-benstal-ltrvuNuic  arid  (A.  258,  129  ;  B.  26,  349). 

Laevulinic  Acid  Derivatives.— The  calcium  sail ,  (C5HTOs),Ca  +  2 11,0.  The 
s,.  fr /.‘tJ*’  , 5^7®jAg,  is  a  characteristic,  crystalline  precipitate,  dissolving  in  water 
vnth  difhculty.  The  methyl  ester,  C6H7(CHs)Os,  boils  at  1910,  the  ethyl  ester  at 


CHjCOO^ 


u.  cu 


Acetyl  Lcevulinic  Acid,  y-Acetoxyl-y-valerolactone,  3  1  .  is 

.  ,  CH..  C . CH, .  CH, 

particularly  noteworthy.  It  melts  at  7S0,  and  is  formed  from  Irevulinic  acid  and 
acetic  anhydride ;  from  silver  laevulinate  and  acetyl  chloride ;  from  lsevulinic  chloride 
^,,S' Ve^  racetate’  as  well  as  from  a-angelica  lactone  and  acetic  acid.  The  last 
t hod  of  formation,  as  well  as  the  formation  of  a-  and  3-angelica  lactone  by  aceto- 

|fl“  !?1C  aC-,do-are  T°St  ?asil-v  understood  upon  the  assumption  that  the  constitution 
is  really  as  indicated  m  the  formula  shown  above  (A.  256,  314). _ 

at  9^7!TU  C*,0ride*  )  Chlorvalerolactone,  CH,.  CC1 .  CH.  .  CH..  COO,  boiling 
the  artinn  b  ‘s  Produced  by  the  addition  of  HC1  to  a-angelica'lactone.  and  by 
o  acetjl  chloride  upon  kevulinic  acid  (A.  256,  334).  Ecevuhnain tdc, 

l^utnic^teT'anlT’  CHs  •  •  CH»  •  CH.COO,  has  been  obtained  from 

T  ^  ra.n§el,Ca  ,actone  “d  ammonia  (A.  229.  249). 
succinic  ester  •  * VU  lnic  Acids  are  obtained  from  the  homologues  of  aceto- 


P-Methyl-Iavulinic  Acid,  /3-Aceto-butyric 
boils  at  2420  and  melts  at  —12°. 


Acid,  CH, .  CO .  CH<£h|  .  CO.H, 


a  -  Meth yl  larvulin  ic 

CO,H,  boils  at  24S0. 
boils  at  250-252°. 


Acid,  l 9-Aceto-isobutyric  Acid,  CII3  .  CO .  * 

a- Ethyl  LavuEnic  Acid,  CH,CO  .  CHsCH(C,H5)  .  CO,Ib 


HOMOLOGOUS  L.CWUXIC  ACIDS. 
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Medtenie  Add ,  a- Dimethyl  feernUnk  acid,  CH, .  CO .  CH,C  CR,,CO,H_ 
ir&l?  at  74®  ax*d  bod og  at  138®  (15  mm.  ,  reschs  when  the  addiikxi  product  of 
hvdrocrioric  arid  aod  mesityl  oxide  is  treated  wall  pettssnua  cyaride,  aisd  the  urrrile 
tb»  apprised  with  hydrochloric  arid  (A.  247, 99?.  as  we3  as  by  hear-g  mestyleaic 
acid  with  hydrochloric  arid  (B.  25,  R.  905).  Nitric  arid  oxidizes  meshomc  arid  to 
daedal  nsalooic  arid. 

&- Dimethyl  LavuUnU  Add,  fCH^CH .  CO .  CH, .  CH,.CO,H.  pelting  at  40®, 
y  produced  when  sodium  makmic  ester,  from  the  transposrrioa  prod  act  of  y-bran- 
A  m*h rl  acetoacetic  ester,  is  heated  wkh  dilcie  sulphuric  arid  B.  30,  864). 

Hemdarz-ulinic  Arid,  6-methyl  laerolink  arid,  CH, . CH, . CO.  CH,  -CH, .  CO,H, 
netting  at  32®,  is  obtained,  together  with  an  oxycaprolactone,  from  3}  -dirromcaproic 
acd  (A.  268,  69). 

h  Dimethyl  LzvuUnic  Add,  (CH,\CH .  CO .  CH, .  CH, .  CO,  H, melting  at  41  =, 
is  prepared  by  the  action  of  a  soda  solution  upon  isoheptenic  dibromide  (p.  284)  (A. 
283, 183). 

Halogen 7  -Ketonic  Acids. — a- Brom-hzzulinic  Add,  CH,CO.CH,.CHBr.COjHt 
melting  at  79s,  is  produced  when  HBr  acts  upon  3-acetoacrylic  arid.  Boiiing  water 
converts  it  into  a-hvdroxv-beTulmic  arid  (  see  this). 

3  Bromlae vulinic  Acid,  CH, .  CO .  CHBr .  CH, .  CO,H,  melts  at  59°,  and  is  pro¬ 
duced  in  the  bromination  of  hErvulinic  arid,  as  well  as  by  the  action  of  water  upon 
the  addition  product  of  bromine  and  a-angelica  lactone.  W  arming  with  sodium 
hydroxide  converts  il«*  .i-bromlaevulinic  acid  into  a-hydroxy-Lc* ulinic  acid  and 
3"  acet  O' acrylic  acid.  Aniline  converts  bcom-laevulh.ic  acid  into  Py-2.3-dimethyl.mdol 
(B.  21,  3360),  while  ammonia  changes  it  to  tetramethylpyrazine. 

ajl-Dibrom-leevulinie  Add,  CH,.  CO .  CHBr .  CHBr .  CO,H,  me. ting  at  I^S®,is 
prepared  from  3-acetacrylic  acid  and  Brr  pi- Dibrom-leevuhnic  Add ,  CH.Br.  LC 
CHBr.  CH,.  CO,H,  melting  at  114-115°,  is  produced  in  the  bromination  of  l.tvu- 
linic  acid.  It  yields  diacetyl  (p.  322  )  and  glyoxyl  propionic  acid,  HOC  -  CO  •  CH2 
CH2  .  COjH,  when  it  is  boiled  with  water.  Concentrated  nitric  acid  converts  it  into 
dibrom-dinitromethane  and  monobrom -succinic  acid,  while  with  concentrated  sul¬ 
phuric  acid  it  yields  two  isomeric  dibrom-diketo-R-pentenes. 


Nitrogen  Derivatives  of  the  } -Ketonic  Acids. 


_ 0)  L&vulinamide ,  CH3 .  CO .  CH2 .  CH2 .  CONH^  or  CHjC^XHjjCHj.  CHj .  - 

COO,  melts  at  107°  (A.  229,  260). 

(2)  Action  of  Hydrazine ,  NH.  .  NH. :  Lavulinic  Hydrazide ,  CH3  .  CO  .  CM*  .  - 

CH?.CO.  NIC  NHj,  melts  at  82°.  On  the  application  of  heat  it  passes^into  a 
lactazam  (p.  363)  :  3 -Methyl pyridazolon ,  3- Methyl  fyridazinone ,  CH3 .  (C  —  JN  -  - 

NH)CH,  CH,  .  io,  melts  at  94°  (B.  26,  408 ;  J.  pr.  Ch.  [2]  50,  522). 

(3)  Action  of  Phenylhydrazine ,  NH,  .  NH  .  C,H5 :  The  first  product  <s  a  hydra- 
zone,  which  yields  a  lactazam  when  heated.  Lcevulintc  Phenylhydrazone,  C  3  ( 
N.NHC6H5)CH,.CH,.CO,H,  melts  at  108°.  yMetkyl-n-phenyl  pyridazolon, 

CH,.  C(:N  .  NC,H5)CH,.  CH,CO,  melts  at  8i°  (A.  253,  44).  ^«n  fused  with 

zinc  chloride  it  becomes  dimethyl  indol-acetic  acid,  C6H4  ^  /C^CH3  .  Phenyl - 

hydrazone-mesitonie  Acid ,  Phenylhvdrazone-a-dimethyl  kevulinic  Acid,  CII3C(  X  .  - 
NHC6H5)CH2  .  C(CH3^CQ2H,  melts  at  121.50.  3- Methyl- 1  -dimethyl -n-phenyl 

pyridazolon,  CH,C(:NNC6Hs)CH,C(CH,),io  melts  at  84< *  (A ..  247,  ™S)- 

(4)  Action  of  Hydroxylamine :  Lcevulintc  Oxime,  CH,C(NOH)Crl,C  ,  2  » 

melts  at  95°  (B.  25,  1930).  Concentrated  sulphuric  acid  re-arranges  this  oxime  into 

CH,  .CO 

succinmethylimide,  i,  >NCH,. 

CH, .  CO 
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d-Ketcnic  Adds. 

Sadi  adds  have  ieen  prepared  from  acetvl  glc'aric  acids  fsee  t hw  t\- 
spSiliEg-off  of  CO,.  On  tier  yield  idLna  (p.  318  '  '  “* 

i-Aceto-botyr-c  Acid.  CH,. CO.  CH,.  CH,. CH,. CO.H,  e-Iu  «  ^ 

-7^  150,1111111  coo  verts  it  into  a  salt  of  d-oxTcatrdc  add  wh  id, 

yields  a  e-lactone  (A.  216,  127).  ‘  ’ 

It  is  formed  by  the  oxidation  of  ) -acetoboryl  alcohol  (p.  318)  and  dibvdnre 
sordini  by  barru  wa:er.  Sodium  ethylate  changes  it  back  into  dihrciroresor^i^L 
Butyric  Acid,  CH,.  CO .  CH(C,H5?CH, .  CH,  CO,H,  tells  at 

C H  CH^rH  7°°  m~  Butyroiutyric  Acid,  CH,  .  CH, . CH, .  CO . - 

.  CHj .  CH, .  COjH,  from  coome,  melts  at  34°. 

Ceruuo  higher  ketook  adds  have  been  prepared  bv  the  oxidation  of  hvdrosT^Eaac 
compares  ot  tne  terpene  group,  and  are  important  in  determining  the'  coa3itaaoo 
Ci.V-£  -2“:eT'  Other  ketcoic  adds  result  from  the  hvdrolvsis  of  acetriene  carboxvfic 
^ds  by  means  of  concentrated  sulphuric  add.  A  case  in  point  is  It >Kctcdcaric  Add, 
trom  stearo.K:  aod  (p.  287),  which  is  produced  cn  treating  oleic  and  elaldic  di 
,  .  e  ^5ta.  alcohobc  potash.  See  oleic  acid  (p.  285 )  for  the  value  of  these 

trtocic  aods  in  determining  the  constitution  of  the  olenne  and  acety  lene  carUnk 
toes*  wnicii  are  closely  related  to  them. 

rJrifl^U  -^isoprorTl  dacetrl  valeric  acid,  CH,.  CO  .  CH, 

^H7)CH*UXH,  from  tetrahydrocarrooe,  melts  at  40s  and  boils  a:  1923 
ru  b  AriJ9  3-raethyl  d-iso'  Ctrl  raleric  add,  CHj .  - 

CHj).CO. CH,. CHjCHfCHjjCB^pOjH,  from  menthone,  boils  at  iS  :  20 
^TT  ’’  can*Kie  ArzJ^  CH,.  CO  CH^-COjH (?),  from  imdecolic  add,  melts  at 

Add,  io-Oxostearic  add,  CH,rCH,].CO^CH,,.  CO,H.  me/i  a: 
frP*?  stearolic  add  (p.  287)  by  {£e  action of  con  censed  sal 
“ '7-^,7  Ccnsmt  oleic  add.  page  2S5.  for  the  decom  position  of  its  oxime. 
JL*  ™  ±*>  ^^COCCH^CO^I.  melts  at  83=.  It  is  obtained 
“_T  ^  ^^etosteanc  add  r,  29.  206),  a  transposition  product  of  ridnolek  add 


B  U N SATURATED  KETONIC  ACIDS.  OLEFINE  KETONIC  ACIDS. 
3-Ketonic  Adds : 

Ethidene  Aceto-acetic  Ester,  CH, .  CH :  C<£°  results  from  the  action 

t2jdT^CV-  ^  C?OQ  *Uehjde  *cet°ac«ic  ester?  It  boils  at  211=  (A.  218. 
1/2,  15.  29,  I72 j.  ' 

7 -Ke tonic  Acids: 

7^52_9h  :  ch  co,h, k  dCTi>ed  t°geiher  *** 

dieesoon  whhV  from  chlcralacetcmc  upoc 

I*  ,«**  «  l25~  C.  It  combines  with  HBr 
264.23 4\T^  anmn^,  od-dihrcm-l^vulhuc  add,  and  c-bromberolinic  acid  (A- 

pJ-Trichlor-ace^aayUc  Acid,  CO, .  CO . CH : CH .  CO,H,  or  CO,-* 

the action  A^d  - II  b  obt*incd  from  ba““e  *u 

me'ts  at  131®.  Ii  hry^V.  TO  jl,  .  '^>gnc  A.  223.  170;  239-  1.°  ~ .  . 

fcvdroxidel  ~  chWoform  and  maleic  add  when  boued  with  i^stisra 


It  yields  acetyl 


trichkapbenocaalic  add,  CO,C(OCOCH,.  )CH :  CH .  COO, 


nxannr  aTT. 


g-  'A.  ynr  .  ^Tf*r  rrrssf.  wii  H~?m:  et-  .‘ire..  / far  itfra^r*1 

T  :  7,  1-  .  ~  .  e  --  ---:  -  --  -  :;  ^ -.  •  -  -' 

—  » ■  .im*~r  ■W’-JTf'w  trri-  g-~° —  -m°- r J.  itr^l  S  ETCS  3.  2E-  ft 7;  h  3im«££. 

tttt-t  he  KtarrcsCOL  of  igr.xne  b=rvEr^=r  *iuh  se*=  f**-  —  “7  as=L  r:  *:rTL~ 


Ki-  -g-v  CS,.CXX2r:C2r. CODS,  x  CH,  COs  ^: 

TtnT>~.  tt^-Htit  m.  ~i~-  rssi-S  mx  r^ETtiir  g  irdr  air  ixtase  *ii 
»~ir_  tt=>  "H.n^a-fchi'y  l«r  rnrrr.iui'^J^rj  hofois  is  i  r  w drift*  (*- 

a.Im:  1-i^ — -r^Tinf!:  F-issnmr  *^5=  ir^  tea  :cxE=ei  dim  tie 
Wrr„TrH^  x£  -sar=m:L  Ent  rauu  t  *=*=- 

CC1.a).CC:CE.OC^.C!ura.S£t8L  sL.  ^ja^ixc 


CARBDXIC  ACID  AXD  ITS  DERIVATIVES- 

The  aod  ectrr  esses  in  Is  s£s  and  esters.  arc  rjr  be  nxa*d 
as  ~  rrfrr  jC  HO- CO-OH-  Is  ijMTfflr^l  SDlO«di- 

ix_  bearer-  from  the  osier  ay^dcs  cosuiai^ 
acids  of  cay-ses-  It  is  a  weak  Jbai:  ac^  _a»d  cmscii-tes  tc* 
—y-^r— .-n-  tC  lie  tTDC  ClbtLC  «L  CSrboiy  lie  aClCS- - fcCBOe  I*,  w  _  Dc 

Or  t-c-t f  to  Kbcofte  the  bydraied  acfd  n-:s  ar  waas  by  a 
=r~-  -  -^r  acc.  tz  breaks  dr*i.  as  almost  always  ki: >z c-S-  ^ 
hrowfi7.  qaasaieaiackd  to  the  snaecarbca  a,n—  t  \r  ~V“JC 
ce  vm-  xsmaacs,  ard  carbon  deride,  CO*  tie  anhydrideof  career  c 
and-  is  sc-  free.  Tbe  carboraies  Rail  tie  selpAites  in  tie  r  cepc*  - 
— r°--  it;  caries  ccnoe  reminds  cs  of  sr.rc.rr  diarideor  wp^ua 

E-st  carbon  cjerDOEDd-  CMlaag  *»  *****  of  cazben  is  c:cr«e 
-_-  -  --.-  sc  :irerr:r.rc  r  rtirriii  cs  ire  rv.  i  — :  * 

AftevlbodTConespaBdiag  to  it.  The  LjJme  fanRfa,  C  —  O- 
iOH  -  ot  czrcoric  acsd  mar  be  viewed  as  the  ibrmcna  c:  ar  anhydride 
of  -e  ooK»ad  C(OHd  Of  corse  a  ctopomwi  of  t_cs  term  wi¬ 
de  as  — s-;/-  >  as  oiaofcnKC  acid.  HC(OH),  (P-  «4>-  ^7^^’ 

€sc=r=  derived  rrm  tbe  fccrsrla  0,0 H  «,  can  2c--a-y  be  prepared; 
tber  are  he  cc'gra.  Id  a  brcacer  sense,  a-  »etfaa»e 

Ger  vanves-  in  which  the  fecr  hydrogen  atoms  have  been  rep-acec  by 
fa-r  —ivaiert  dements  or  reddles.  mS  be  coosadexed  as  denvr-ves 
of  orihooibok  arid.  e-  tenachlor  ,  tecrabrnr.--  tetra- nco-,  arc 
tetnflatfioedDiie.  From  ihs  p::nt  of  view  tetiacnkHroetb^  is  the 
chloride  of  onh  carbenic  acid-  Tboe  compoimds,  together  wrth 

-  -  -  ---n  CCLNO*  brosDOfticrsc.  CBr^NO,.  brosa-pisoiortn.  CBr- 

r\0-'-.  and  teiraritrcKDethane.  C  NO.\.  wiL  be  dserseed  a.i-  ^ 
cerlvadves  of  orhocarbcric  acid.  Tbe  carbon  teiram  re  .s  not 
knowxs.  Ammonia  arrears  most  fxeqoendy  in  the  reaccocs  woere  it 
rrrbt  wed  be  eapec red,  and  also  gnaridire,  which  trains  tbe  same 
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relation  to  the  hypothetical  carbon  tetramide— the  amide  of  orthn 
carbonic  acid,  as  metacarbonic  acid  bears  to  the  ortho-acid  •  °* 


°H 

/OH 

V5oh 

xOH 

Orthocarbonic  Acid, 
Does  not  exist 

/NH2 

/nh2 

?NH2 

xnh2 

Amide  of  Orthocarbonic  Acid, 
Does  not  exist 


CH)H 

XOH 

Metacarbonic  Acid, 
Does  not  exist 

XNH, 

Guanidine. 


<° 

S> 

Carbon  Dioxide. 
Carbonic  Acid  Anhydride. 


w3^MOnOXide’,CO/  the  first  oxida‘i°n  product  of  carbon, 
was  described  immediately  after  formic  acid. 

TTnfW3? n  ^*°x*de>  combustion  product  of  carbon. 

•11  1  av°ra  e  conditions  the  carbon  of  every  organic  substance 

l  c°nver  ed  into  it.  Carbon  in  the  quantitative  analysis  of 

carbon  derivatives  is  determined  in  the  form  of  COj. 

.me^ods  ^pr  the  formation  of  carbonic  acid,  which  are 
r  \Cia7  ln?J?°rtant  in  organic  chemistry,  may  be  mentioned  here. 

l  aCld  1S  develoPed  fr°m  fermentable  sugars  in  the  alcoholic 
thp  rfvi  f  t'°n  Process  (p.  1 19).  Carbonic  acid  is  readily  formed  by 
hv  roA  af-°n  L formic  acid  (p.  224),  into  which  it  can  be  converted 
from  th  lon  (  ;  2^>  R*  458).  Carbon  dioxide  can  be  withdrawn 
°niC  acids»  1 •  e->  from  the  acids  containing  carboxyl, 


*  W^en  hydrogen  will  enter  where  the  carboxyl  group 


was 


m  -rf  6  .*  Th1ose  P°lycarbonic  acids,  containing  two  carboxyl 
to  thp  •  Uni°n  .W1^  each  other,  or  two  and  more  carboxyls  linked 
aDnli cation6  Tu  0*  atr  m’  readily  part  with  carbon  dioxide  on  the 
which  each  n  1  Ca  I  .^.e  ^atter  case  carboxylic  acids  result,  in 
atom  e  ir  •  ^  °X^  remain>ng  over  is  attached  to  a  particular  carbon 

}  *  o  *  * 


Malonic  Acid  PH  ^CO«H 

a>  CH*<CoJh - CO,  and  CHS  .  C02H. 


The  /S‘kctonic  uuids  deport  themselves  similarly  (p.  371),  t.g.  •• 
y°Ka>C  ACM'  CH»-  C0- CH..CO.H - ^COl  and  CH,.  CO.  CHt. 

upon  bewTrlg  them  wVtbSNamr'whlkali  S,altS  Ca"  be  deprived  of  <  0. 

when  it  disappears  as  C03Na2  (p*  8i)« 

CI  I, .  cOjNa  +  N.OH  =  CO.N.,  +  CH,. 

1  ne  electric  current  artinrr  ,,  i: 

salts  of  carboxylic  acids  snll  £n  concentrated  solutions  of  the  alkali 

spins  off  carbon  dioxide  (p.  83),  *.  g.: 

+ 


lEirTATrrEE  c?  raKiwnr  act. 


of  szst  uiimijlk  adds  are  oeonfcsed  by  beat 
r  "i  lit  pr-dticbtjn  of  C2dt~n  carinEa^  2nd  iesoees  [p-  is*> 


CE-OO.  ,Ca 


CD,Cz.  —  CH, -  CD .  CH,. 


Tuast  ard  d-rbzr  reaGotn-.  la  wnkir  CO.  s  espy  sf»  ca  trtcn 
tcnm*.  1 1 1  tiIt  are  of  tbe  nrs:  importance  in  pe  zc^d-cic_  of 
tfamdias  of  ctsnprcncs,  _  In  contras:  Joik  njUug<ic« 
0(  L  a  — ?.--  icscdoK  t*c  m^e  its  unpbct  ry  certafn  or^.- — c 
^rradr-es:  s^ckts^yntbeses^  in  wnicb  csrbtxylic  adds  are 

urorticsc: 

CH,Xa  -  OQ,  =  CH,.CO,\i  ft 
QHjO^  —  CD,  =  €^,<22^*  :-m^r*a3cy3c 

£stos  of  Metansrbonic  And.  05*  ornmsry  Carbonic  A_-_. 

Tzitpimarj  esters  of  carbonic  add  arc  not  sabie  in  a  nic  ci- 

4Uhl 

I-na^  *=d  ^3g«  *=  rf’j. 

iB£  ctoMc  addr^i  suitor*  <*  ^  ^ 

Tie  ~«'fg — ,’im,  «aTr  a  E>bjl  Ccbxic  As"’-  ■  -  -  »  *cj*mks  . 

SCSI'S  at  sd^ag  CO,  to  tie  TVrfa-fic  srJxovz  of  p-.r-r*^  - "-  i_rto^a.t.  ^>i 

Ofsamx&s  x  exn#fc^AT--t  xii 


Tbe  wntralcsUrs  z^'jesz  'i)wbes  the  alkyl  iodides  act  cn 

(2TXI2It: 

OO^Ag,  —  aCjHjI  =  CO,^,- aAgl ; 

ibv  -T  2  by  treating  esters  of  cbiocorniic  acid  d — *  ^_ct  c  ?  aisereby 
waxed  esters  may  aiso  be  obuiiec : 

°°<ScH+cAOH=to<o-a?  +  H<a 

J ' LtJj  ii-sjrk!±r: r  M 


fe  k  ilv:  true-  132S - , * 

tiit  dJWtZ  '  irZiCL  flag  71  X^C  - 


of  V-*".  tie  iper  ixcbus  ct  80 


+  CA-OH  =  0X8.^  -  CBfl* 

-  - - -  —  -  DietfecI  Ester. 


Mstir*:  Zskyl  Zjzs? 


to  STpwp^  *•  e„  weaker 

kt edrrf  SLl  rrer*  toe  ^  toawg 

?£*  direct  object  (w*k*e-«d 

kjtzaua  i 


Tne  t^aal  cartwcic  kcs  art  ethereal  smdling  V«pl&, 
readi.r  in  water.  Excepting  dimethyl  and  toe  methy-c---.*-  *  * 

33 
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are  lighter  than  water.  With  ammonia  they  first  yield  carhami 

the  ^  °ne’  Whi'e  thC  Chl0rfo™-  este™  consS  t 


C0<0 C,H*5  +  PCIs  =  CO<o.  c,Hs  +  K,1°  +  CH.Cl. 


Methyl  Carbonic  Ester,  CO.fCH,),,  is  prodneed  from  chloric™, c  es.et  brheai 
mg  w,ch  lead  oxide.  I,  boils  a,  The  methyl  ethyl  ester,  CO,<™.  wl 

The  rtkykne  eoJTcxtcu  bo,Is  at  *3l0- 

melts  at  39°  and  boiis  at  236=.*’  *  !C°  carbooale'  obUmed  from  glycol  and  C0C1, 

Derivatives  of  Orthocarbonic  Acid  (p.  383). 

(‘S64,Bi““- A-  '32.  54),  may  be  regarded  at 

ten  sodium  ethylattfaets  otfht”  C"b0°iC  C<0H>-  “  “ 


the 


,r_  aiconol  or  norm; 

when  sodium  ethylate  acts  on  chloropicrin  : 

CClji  NOj)  4  4C,H5  .  OXa  =  C(0 .  C,HS)4 


3  NaCI  +  XO,Xa. 


ammonu  ft^euT^aSdSc S'  &££*  b°i‘S  '5^‘59°-  "ll“  heaKd  *“ 

«"r  at  250",  and  ii 


-  *  \  -  —  %/»  *J*T )' 

the  haliff^^n^!-^611  substitution  Pro<^ucts  of  methane  appear  to  b< 
relation  to  the  1  v®  ortbocarbonic  acid.  They  bear  the  sam< 

iodoform  sustain  oc^**mc  esters  that  chloroform,  bromoform  anc 
Sbonic  acid  ^e^°h  he  °nh0f0rmic  «ters.  However,  the  ortho- 
substitution  products  of  from  the  tetrahaloger 

and  .etranitro^e^i.r^ri^e.”^0^0860 


M, thane  Totrahalogon  Substitution  Products: 

pressure.  It  is  rcmarkaWe^hTrng00!^*’  '  is  a  colorless  gas,  condensable  : 
derivatives  which  can  be  Hir  1  IS  belongs  to  that  small  class  of  carbe 

carbon,  e.  g. ,  lamp  black  cnmhw!  PrePa^e^  .^om  elements.  Finely  divide 
and  heat,  and  yields  CF4  *  ^  with  fluorine,  with  production  of  lig^ 


formed  (i)  b/the  action  ofOIV'C?rl:>0n  Tetrachloride,  CCI*,  i 
upon  the  addition  of  ir^r  c™onne  upon  chloroform  in  sunlight,  c 
20-40°,  “d  (2)  by  action  of  Cl  upon  CS,  a 

3)  upon  heating  CS,  with  at  521116  time  (B.  27,  3J6C 

oi  iron :  CS,  4-  >S^CI  nrf^  ,n  l^e  presence  of  small  quantise 
ft  to _ i7?_  —  CCL  -t-  m  x>  r>  _ a 


ot  iron :  CS,  4-  2SwCI  _ *  ’n  l^e  presence  of  small  qi 

.  11  js  a  pleasan t-smel  1  j ng  Ii<miV*h!lx  R  P'  ?2999>- 

15  1  631  at  o°.  At  —  v-,3  i,qu  ,  ’  ^?ll,ng  at  76°.  Its  specific 

excellent  solvent  for  m,„.. .  ^  0  idtnes  to  a  crvstalline  mass. 


- O  -  <as  \J  .  ,-\t  _ .,qO  ,  - C  /«  •  03  3JA.L1WV  ‘ 

excellent  solvent  for  mam-  c  wi  lc!ines  to  a  crystalline  mass.  It  i~_a 

.  -tances,  and  is  made  upon  a  technic 
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Tetranitromethane,  C(N02)4,  results  on  heating  nitroform  with 
a  mixture  of  fuming  nitric  acid  and  sulphuric  acid.  It  is  a  colorless 
oil  that  solidifies  to  a  crystalline  mass,  fusing  at  130.  It  is  insoluble 
in  water,  but  dissolves  readily  in  alcohol  and  ether.  It  is  very  stable, 
and  does  not  explode  on  application  of  heat,  but  distils  at  126°. 


CHLORIDES  AND  AZIDES  OF  CARBONIC  ACID. 

Two  series  of  salts,  two  series  of  esters,  and  two  chlorides  can  be 
obtained  theoretically  from  a  dibasic  acid  : 


pa /Oil  pp./0 .  CjHi  ppv  ,  OCjHj  ,C1  pp\/tl 

CO<OH  CO<OH  CO<OC2H5  CO<OH  C0<C1 

Ethyl  Carbonic  Acid,  Carbonic  Acid,  Chlorcarbonic  Ester,  Phosgene, 
only  known  as  salt  Diethyl  Ester  only  as  ester 

(1)  Chlorcarbonic  Ester. — The  primary  chloride  of  carbonic 
acid,  chlorcarbonic  acid ,  is  not  known,  because  it  splits  off  HC1  too 
easily.  Its  esters  are,  however,  known.  They  are  produced  when 
alcohols  act  upon  phosgene,  the  secondary  chloride  of  carbonic  acid, 
carbon-oxychloride  (Dumas,  1833).  They  are  often  called  chlor- 
formic  esters,  because  they  can  be  regarded  as  esters  of  the  chlorine 
substitution  products  of  formic  acid  : 


COCl2  +  C2H5OH  =  Cl .  COOC2H5  +  HC1. 

They  are  most  readily  prepared  by  introducing  the  alcohol  into  liquid  and  strongly 
cooled  phosgene  (B.  18,  1177)-  They  are  volatile,  disagreeable-smelling  liquids, 
decomposable  by  water.  When  heated  with  anhydrous  alcohols  they  yield  the  neutral 
carbonic  esters;  with  ammonia  they  yield  urethanes  (p.  394);  with  hydrazine, 
hydrazi-carbonic  esters  (p.  405)  ;  with  ammonium  hydronitride,  nitrogen  esters  o 
carbonic  acid  (p.  389).  They  contain  the  group  COC1,  just  as  in  acetyl  chloride; 
hence  they  behave  like  fatty  acid  chlorides. 

1  he  methyl  ester,  CCIO  .  O  .  CH3,  boils  at  71. 40  ;  the  ethyl  ester,  CC102  •  Cd  5> 
at  930;  sp.  gr.  1.14396  (150) ;  the  propyl  ester  at  1150,  the  isobutyl  ester  at 
128.8°,  and  the  isoamyl  ester  at  1540  (B.  13,  2417  ;  25,  1449).  0 

Perchlorcarbonic  Ethyl  Ester.  Cl .  CO  .  OC2Cl6,  melting  at  26°  and  boiling  at  209 
under  ordinary  pressure,  at  83°  (10  mm.),  sp.  gr.  1.73702,  is  isomeric  with  perchlor- 
acetic  methyl  ester  (p.  275;  A.  273,  56). 

(2)  Carbonyl  Chloride,  COCl2,  Phosgene  Gas,  Carbon  Oxychlo¬ 
ride,  boiling  at  +8°,  was  first  obtained  by  Davy,  in  1812,  by  the  direct 
union  of  CO  with  Cl2  in  sunlight;  hence  the  name  phosgene,  from 
<pu>q,  light,  and  yvevdw,  to  produce.  It  is  also' formed  by  conducting 
CO  into  boiling  SbCl5,  and  by  oxidizing  chloroform  by  air  in  t  k 
sunlight  or  with  chromic  acid  : 


2CIICI3  +  CrOa  +20  =  2COCl2  -f  H20  +  Cr02Cl2. 

Phosgene  is  most  conveniently  prepared  from  carbon  tetrachloride 
(r°o  c.c  )  and  80  per  cent.  “  Oleum  ”(120  c.c.),  a  sulphuric  acid  con- 
taimng  S03  (B.  26^1990),  when  the  S03  is  converted  into  pyrosul- 
phuryl  chloride,  S206C12. 


SULPHUR  DERIVATIVES  OF  ORDINARY  CARBONIC  ACID.  389 

Technically  it  is  made  by  conducting  CO  and  Cl2  over  pulverized  and  cooled  bone 
charcoal  (Paternb).  Instead  of  condensing  the  gas  it  may  be  collected  in  cooled 
benzene. 

Carbonyl  chloride  is  a  colorless  gas  with  suffocating  odor,  and  on 
cooling  is  condensed  to  a  liquid.  Transpositions  :  (i)  Water  at  once 
breaks  it  up  into  C02  and  2HCI.  (2)  Alcohols  convert  it  into  chlor- 
carbonic  and  carbonic  esters.  (3)  With  ammonium  chloride  it  forms 
urea  chloride.  (4)  Urea  is  produced  when  ammonia  acts  upon  it. 
Phosgene  has  been  employed  in  numerous  nucleus-synthetic  reactions, 
e.  g.,  it  has  been  used  in  the  technical  way  for  the  preparation  of 
di-  and  tri-phenylmethane  dye-stuffs  (see  tetra-methyl-diamido-benzo- 
phenone). 

Carbon  Oxychlorbromide ,  COCIBr,  boiling  at  35 — 37°,  and  carbon  oxybromide, 
COBr2,  boiling  at  63-66°,  are  formed  when  COCL  and  PBr.  interact  at  150° 
(B.  28,  R.  148). 

The  nitrogen  carbonic  esters  and  nitrogen  carbon  monoxide  correspond  to  the 
chlorcarbonic  esters. 

Nitrogen  Carbonic  Methyl  Ester ,  Azide  Carbonic  Ester,  Ns  .  C02C2H5,  boiling  at 
1020,  is  a  transparent  liquid,  produced  by  the  action  of  chlorcarbonic  ester  upon 
ammonium  hydronitride  (J.  pr.  Ch.  [2]  52,  461). 

Nitrogen  Carbon  Monoxide ,  CO(N3)2,  consists  of  explosive  crystals,  very  volatile, 
with  a  penetrating  and  stupefying  odor,  recalling  both  hydronitric  acid  and  carbon 
oxychloride.  It  is  produced  when  sodium  nitrite  acts  upon  the  hydrochloride  of 
carbohydrazide : 

CO(NH  .  NH2 .  HC1)2  +  2N02Na  =  CO(N3)2  +  2NaCl  +  4H20. 

Its  aqueous  solution  decomposes  into  carbon  dioxide  and  hydrazoic  acid  (B.  27, 
2684;  J.  pr.  Ch.  [2]  52,  282). 


SULPHUR  DERIVATIVES  OF  ORDINARY  CARBONIC  ACID. 

By  supposing  the  oxygen  in  the  formula  CO(OH)2  to  be  replaced 
by  sulphur,  there  result : 


1  CDs'  SH  Thiocarbonic  Acid 

^OH  Carbon-monothiol  Acid 


PA/SH  Dithiocarbonic  Acid 
J.  Carbondithiol  Acid 


5.  cs< 


SII 

SH 


Trithiocarbonic  Acid. 


.Oil  Sulphocarbonic  Acid 
2.  Thioti-carbonic  Acid 

.SII  Sulphothiocarbonic  Acid 
4.  Thion-carbon-thiol  Acid 


The  doubly-linked  6"  is  indicated  in  the  name  by  sulph  or  thion, 
while  it  is  thio  or  thiol  when  it  is  singly  linked. 

The  free  acids  are  not  known,  or  are  very  unstable.  Numerous 
derivatives,  such  as  salts,  esters  and  amides,  are  known.  Carbon  oxy- 
sulphide,  COS,  is  the  anhydride  or  sulphanhydride  corresponding  to 
thiocarbonic  acid,  sulphocarbonic  acid  and  dithiocarbonic  acid. 

Carbon  disulphide,  CS2,  sustains  the  same  relation  to  sulphothiocar¬ 
bonic  acid  and  trithiocarbonic  acid  that  carbon  dioxide  does  to  ordi¬ 
nary  carbonic  acid. 


39° 


ORGANIC  CHEMISTRY. 


Phosgene  corresponds  to  thiophosgene,  CSC!,. 

The  two  anhydrides.  COS  and  CS»  will  be  first  discussed,  then  the 
salts  and  esters  of  the  five  acids  just  mentioned,  to  which  thiophossere 
and  the  sulphur  derivatives  of  the  chlorcarbonic  esters  attach  them¬ 
selves. 


Carbon  Oxvsclphide,  COS  (1S07  C.  v.  Than,  A.  Spl.  5,  245C  occurs  in 
mineral  springs,  and  is  formed  I )  by  conducting  sulphur  rapor  and  carton  mccoxice 
through  red-hot  tubes  2  On  heating  CS,  with  SO,  (3 '  Bj  the  action  of  COO, 
upon  CdS  at  260— 2&>c  ( B,  24,  2971).  It  is  most  easily  prepared  (4)  by  beating 
lytassum  thiocyanate  ■with  sulphuric  add,  diluted  with  an  ecnai  rclcue  of  water: 
CN .  SH  —  H.O  =  CSO  —  NHj  (B.  20.  550 ),  or  with  fatty  acids. 

In  order  to  obtain  it  pore,  conduct  the  gas  into  an  alcoholic  potash  soJedoc,  «-d 

(5  decompose  the  separated  potassium  ethyl  thiocarbocate.  CO<^C*Hi,  win  di- 
lute  hydrochloric  acid. 

oiTht  r ude  is  i  colorless  gis,  with  &  feint  mod  peculiar  odor.  It  iiimss 
readi.T,  iDo  forms  xa  cipiosite  mixture  with  air.  It  is  soluble  in  an  ccll  i:  [zzzjc 
^  ^  decomposed  by  the  alkalies  according  to  the  folioiicge^suxc : 

COS  +  4KOH  =  COjK,  +  KjS  +  211,0. 

Carbon  Disulphide,  CS..  boiling  a:  470,  was  first  obtained  in 
*79^  by  Iampadios,  when  he  distilled  pyrite  with  carbon.  If  i? 
present  obtained  by  conducting  sulphur  vapor  over  incited  charcoal, 
ai.v.  b  one  ct  the  tew  carbon  compounds  which  can  be  prepared  by 
the  direct  union  of  carbon  with  other  elements.  It  is  a  colorless 
liquid  with  strong  refractive  power,  and  at  o5  has  a  specific  gravity  of 
1  •  *9 1  -  I- 1-  obtained  pure  by  distil. ir.g  the  commercial  product  over 
mercurv  or  mercuric  chloride ;  its  odor~ is  then  very  feint.  It  is  abrost 
.  luble  in  water,  but  mixes  with  alcohol  and  ether.  It  serves  as  an 
exodten*.  solvent  tor  iodine,  sulphur,  phosphorus,  fettv  oils  and  res  ns. 
an^is  used  in  the  vulcanization  of  rubber.  In  the  cold  it  combines 
with  water,  yielding  the  hydrate  aCS,  -f  H.O.  which  decomposes  again 
3  - 


..5^X  “  *****  *a»czjt.  b  detected  t>T  ks  ccovetsion  isw> 

^  of  .tafcSc  pcc^  The  cop  «  ^ 

««P«=sd-  The  jwedoetke  of  tbe  bnghM«^  «e- 

jf*  **  ^  *  * — **~ 

**»> .  ^  *6=~“ 
Sulfr  imo  TOlL  ^  pwb>a»ttbyi  rnuu^M  —I  S£V 

Cbki^c  *cid  CS,  imo 

which  Then*  esters  of  all  these  ac  a>- 

the  ur.  r  o-  the  a^b  unstable,  our  be  produced  yt  ; ' 

—  a-aa*.oe  earth  meaus,  (#)  the  nsenapddes  ot 
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Cupric  salts  precipitate  yellow  copper  salts  from  solutions  of  the 
alkaline  xanthates.  The  acid  owes  its  name,  fav&Jc,  yellow,  to  this 
characteristic.  By  the  action  of  alkyl  iodides  upon  the  salts  w’e  obtain 
the  esters. 

The  latter  are  liquids  with  garlicky  odor,  and  are  not  soluble  in 
water.  Ammonia  breaks  them  up  into  mercaptans  and  esters  of  sulpho- 
carbamic  acid  (p.  406) : 

CS<?,C,’Hii  +  NH.  =  CS<NH?H‘  +  C*  •  SH. 

With  alkali  alcoholates,  mercaptan  and  alcohol  separate,  and  salts 
of  the  alkyl  thiocarbonic  acids  (p.  391)  are  formed  (B.  13,  530): 


Cs<^0  •  ^jH5  _l  ru  1  u  o  CH5 .  OH  ,  O .  CM, 

'^5<S .  CjH5  +  CH3  ‘  OK  +  H*°  =  c!h?  .  SH  +  C0<SK.  3 


C,H5 .  SH 


'SK. 


Xanthic  Acid,  or  ethyl  oxydithiocarbonic  acid,  CjH5  .  O .  CS  .  SH.  A  heavy 
liquid,  not  soluble  in  water.  It  decomposes  at  250  into  alcohol  and  CS.. 
v  n.-  .  ...  S.CS.O.C.H. 

Aantntc  Lhsulphide ,  1  .is  produced  on  adding  an  alcoholic  solu- 

o  .  Lo  .  O .  CjH5 

tion  of  iodine  to  the  potassium  salt  just  as  acetyl  sulphide  is  obtained  from  thiacetic 
acid  (p.  262).  Insoluble,  shining  needles,  melting  at  28°. 

The  ethyl  ester ,  C,H5  .  O .  CS  .  S  .  C2H5,  is  a  colorless  oil,  boiling  at  200°. 
Ethyl-methvl  xanthic  ester,  CH.O . CS . S .  CjH5,  and  methyl  xanthic  ester, 
C2H5  .  O  .  CS  .  S .  CHS>  both  boil  at  184°.  They  are  distinguished  by  their  behavior 
toward  ammonia  and  sodium  alcoholate  (see  above). 

5*  Trithiocarbonic  Acid,  CSjH2  =  CS<^gj^.  Hydrochloric  acid  precipitates 

this  as  a  reddish-brown,  oily  liquid,  from  solutions  of  its  alkali  salts.  It  is  insoluble 
in  water  and  is  very  unstable.  The  alkali  salts,  when  acted  upon  by  the  correspond¬ 
ing  halogen  compounds,  yield  the  following  esters : 

Ethyl  Trithiocarbonate,  CS<|  *  jj»,  bods  at  240°  with  decomposition.  The 

methyl  ester ,  CS(S.  CH,)S,  boils  at  204-205°.  The  ethylene  ester ,  CS<f>QH4, 

melts  at  39- 5°-  ^hen  oxidized  with  dilute  nitric  acid  the  ester  becomes  ethylene- 
dithiocarbomc  ester,  COSj:C,H4  (A.  126,  269). 

.  ?.f  the  Sulpho-carbonic  Acids  :  Tkiophosgene ,  Thiocarbonyl  Chlo¬ 

ride,  CSC1„  boiling  at  73°,  sp.  gr.  1.50S  (15°),  is  produced  when  chlorine  acts  upon 

pq  P^,dcsa  d+ ra  s*e  latter  is  heated  with  pc,s in  closed  tubes  to  200  : 

Wi.h  iLnnirid,ily  ibtained  V  reducing  Perchlormethylmercaptan,CSCl4  (p.  393). 
1.1th  stannous  chlonde,  or  Un  and  hydrochloric  acid  (B.  20,  23Sb ;  ax,  102)  : 

CSC14  4.  SnCl,  =  CSC1,  -j-  SnCl4. 

This  is  the  method  employed  for  its  production  in  lar-e  quantities. 

t  is  a  pungent,  red-colored  liquid,  insoluble  in  water  On  standing  exposed  to 

Tia  me^SlonrtdithPOr1>'meriC’  Cr^a!li”*  compound,  S,SaClf=  ff.CS-  * 

and  2HC1,  while  ammonia  converts  i t  \Z ndecomP?ses  thiophosgene  into  COr  1  1 
’  .a  converts  it  mto  ammonium  sulphocyanide  (p.  422). 
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Thioeatbooyl  chloride  converts  seeo ndary  anane*  (i  molecule;  into  diancyl 
euUxi-ic  cbkrides ' 

CSOt  +  SH(CJHi)CtHi  =  CS<^^C^C^  +  H(X 


A  second  molecule  of  the  amine  produces  tetra  alkylk  thioureas  (fB.  21,  102). 
Benzene,  'm  the  presence  of  Aid,,  yields  thkhenzopbenone. 

Phosgene  and  thiopbosgene,  when  acted  upon  by  alcohols  and  mercaptans,  yield 
sulphur  derivatives  of  cblorcatiook  eater  (p.  389). 


ChU/rcarbon-thiol  Ethyl  Ester,  ..... 
Chlorthiocarbonic  Ethyl  Ester,  .  ... 

Chkrperthuxarbmic  Ethyl  Ester ,  .  .  . 
PerchlornUpho-thiocarbonic  Methyl  Ester , 


.  .  .  .Cl.COSC-H. 

.  .  .  .d.CSOCjH. 

.  .  .  .a.cssdHj 

.  ...  Cl. CSSCCl,  ( see  thk^Kegeoe). 


SULPHUR  DERIVATIVES  OP  ORTHOCARBOHIC  ACID. 

Perchhrmethyl  Mercaptan ,  CC1, .  SCI,  boiling  at  147°,  results  from  the  actkm  c£ 
chlorine  upon  CS,.  It  is  a  bright  yellow  liquid.  Stannous  chloride  reduces  it  to 
tbiopbosgene.  Nitric  acid  oxidizes  it  to 

Trichlormethyl  S/ulphonic  Chloride ,  CQj.  SOjCl,  melting  at  135"  aiv^,  fc«tl:ug  at 
1706,  which  can  be  made  by  the  action  of  moist  chlorine  opo  CS,.  It  is  iasolule 
in  water,  but  dissolves  readily  in  alcohol  and  ether.  Its  odor  is  like  that  of  camphor, 
and  exciter  tears.  Water  changes  the  chloride  to 

Trickier  methyl  Sulphonic  Acid,  CO,.  SO,H  +  H,G,  consisting  of  deliquescent 
crystals.  By  redaction  it  yields  CHClj.  SOtH,  dkblonnrtbyl  su.  phonic  acid,  CH,- 
C1 .  SO*H,  monochiormet  hyl  snl phonic  arid,  and  CH,.  SO,H  <p.  i)2J. 

Zfefthr/  Sulphone  Ddremmethane.CKx^ifljcK^  melting  at  l^.yaAdutkyl- 
sulpheme  di-iodomethane,  CL(SO,C,HsV  “*Wng  at  176*,  are  formed  wnen  bromine 
actsnpon  diethyl  sulphone  methane,  and  iodine  in  potassium  iodide,  or  io:.ne  cate 
upon  diethyl  solpbone  methane  p'Xassiwn  (B.  30,  487)-  . 

Potassium  Di  iodr/mcthane  Jjhulphonale,  Cl,  SOjK  q,  and  Polas.ium  . 

Dtsulphcmale,  CHIfSO.KL,  are  prodoced  when  potassium  diazomethane  dwdpbo- 
nate  is  decomposed  with  iodine  and  with  hydrogen  iodide.  Socima  axna-gam 

both  bodies  to  methylene  disulpbonk  arid  (p.  204).  , 

Potassium  MelhaneUrisulphcmate,  HO .  C(SO,Kj, .  H/J,  resuds  w  _  hriled 

product  of  arid  potassium  sulphite  and  potassium  diazomethane  jis  _ . 

with  hydrochloric  arid.  A  like  treatment  of  potassium  salph-hydrazunethyiene 
sulphonate  will  also  yield  it  (B.  23,  2378). 


AMIDE  DERIVATIVES  OF  CARBONIC  ACID. 

Carbonic  acid  forms  amides  which  are  perfectly  analogous  to  th^se 
of  a  dibasic  acid — e.  oxalic  acid  (p.  432) : 


co<rNH* 

w<^OH 
Carbarn  R  Acid 

CONH, 

toOH 

Oxawic  Acid 


co^NH* 

WOC,H, 
Urethane. 
Carbamic  Ester 

CONH, 

&>.O.C,Hs 

Oxamk:  Ester 


co<g"« 

Urea  Chloride, 
Carhamic  Chloride 


NH, 

co<NH, 

Urea, 

Carbamide 

CO.  NH, 
(!o.nh, 

Oxamide. 


Carbamic  Acid,  H,N .  CO .  OH,  Amidoformic 
in  a  free  state*  It  seems  its  ammonium  salt  is  con  1 
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ammonium  carbonate,  and  is  prepared  by  the  direct  union  of  two 
molecules  of  ammonia  with  carbon  dioxide.  It  is  a  white  mass  which 
breaks  up  at  6o°  into  2NHS  and  C02,  but  these  combine  again  upon  cool¬ 
ing.  Salts  of  the  earth  and  heavy  metals  do  not  precipitate  the  aqueous 
solution  ;  it  is  only  after  warming  that  carbonates  separate,  when  the 
carbamate  has  absorbed  water  and  becomes  ammonium  carbonate. 
When  ammonium  carbamate  is  heated  to  130-140°  in  sealed  tubes, 
water  is  withdrawn  and  urea,  CO(NH2)2,  formed. 

The  esters  of  carbamic  acid  are  called  urethanes ;  these  are  obtained 
(1)  by  the  action  of  ammonia  at  ordinary  temperatures  upon  carbonic 
esters : 

C0<8 :  Cfl‘s  +  Nl).  =  C0<0  Hd,Hs  +  C,Hs.OH; 

and  (2)  in  the  same  manner  from  the  esters  of  chlorcarbonic  and  cyan- 
carbonic  acids : 


CO<8‘.C!Ht  +  2NH.=  C°<SHd,H1+  NH.a' 

C0<8NC,Hs  +  2NH.  =  C0<0  H<?,Hs  +  CN  • NH.- 

Also  (3)  by  conducting  cyanogen  chloride  into  the  alcohols: 

CNC1  +  2CSH5.  OH  =  CO<gH^H5  +  GjH5C1  ; 

and  (4)  by  the  direct  union  of  cyanic  acid  with  the  alcohols: 

CO .  NH  +  C2H5 .  OH  =  CO<^,H, 

When  there  is  an  excess  of  cyanic  acid  employed,  allophanic  esters  are  also  pro¬ 
duced  (p.  403). 

The  urethanes  are  crystalline,  volatile  bodies,  soluble  in  alcohol,  ether  and  water. 
Sodium  acts  upon  their  ethereal  solution  with  the  evolution  of  hydrogen  ;  in  the  case 
of  urethane  it  is  probable  that  sodium  urethane,  NHNa.  COOC2H5  (B.  23,  2785),  is 
produced.  Alkalies  decompose  them  into  CO«,  ammonia  and  alcohols.  1  hey  yield 
urea  when  heated  with  ammonia : 


CO<0HC,H5  +  NHS  =  CO<xhI  +  C2H5  •  OH- 

Conversely,  on  heating  urea  or  its  nitrate  with  alcohols,  the  urethanes  are  regen- 
erated. 

Methyl  Carbamic  Ester,  CO<gH£H  ,  methyl  urethane,  crystallizes  in  plates, 

which  melt  at  52°  and  boil  at  .  77°.  The  ethyl  ester,  CO(NH,) .  O  .  C,H5,  also  called 
urethane,  cons.sts  of  arge  plates,  which  melt  at  50°  and  boil  at  184°.  Th tfrofj'l 

Tbe •  °- C>H>' is * so"d’ 

urethane  ^  It  melt’s  V  's  obtained  from  acetyl  chloride  and 

urethane.  It  melts  at  7b  and  boils  at  130°  (72  mm.).  Hydrogen  in  it  can  be  re- 
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858 ;  21,  R.  293)  ;  by  action  of  COCl2  upon  the  hydrochlorides  of  the 
primary  amines  at  260-270°,  and  also  upon  the  secondary  amines  in 
benzene  solution : 


COClj  +  NHj.  HC1  =  Cl .  CO  .  NH2  +  2HCI. 

Urea  Chloride,  Carbamic  Acid  Chloride,  Chlorcarbonic  Amide,  Cl .  CONHa, 
melts  at  50°  and  boils  at  61-62°,  when  it  dissociates  into  hydrochloric  acid  and  iso- 
cyanic  acid,  HCNO.  The  latter  partly  polymerizes  to  cyameliJe.  Urea  chloride 
suffers  a  like  change  on  standing. 

Carbamazide ,  N3.CO.NH2,  melting  at  97°,  is  obtained  from  semicarbazide 
(p.  405)  and  nitrous  acid.  Water  decomposes  it  into  C02,  NH3,  and  N3H  (J.  pr. 
Ch.  [2]  52,  467). 


Mono-alkyl  Urea  Chlorides  : 

Cl 

Ethyl  Urea  Chloride ,  CO<^Tpj  ^  ,  also  obtained  from  ethyl  isocyanate  and 

hydrochloric  acid,  boils  at  92°.  Methyl  Urea  Chloride ,  CO<^H  CH  ,  melts 
about  90°  and  boils  at  93-940. 

"these  compounds  boil  apparently  without  decomposition,  yet  they  suffer  dissocia¬ 
tion  into  hydrochloric  acid  and  isocyanic  acid  esters,  which  reunite  on  cooling: 

CO.NR  +  HCl  =  CO<gHR. 


Dialkyl  Urea  Chlorides: 

Dimethyl  Urea  Chloride,  CO<^CH3^,  boils  at  167°  C. 

Diethyl  Urea  Chloride ,  CO<^j  ^2^5)2^  js  obtained  from  diethyl  oxamic  acid  by 
means  of  PC15.  It  boils  at  190-195°. 

Deportment :  ( I )  The  urea  chlorides  are  decomposed  by  water  into  CO,  and 

ammonium  chlorides.  (2)  They  yield  urethanes  with  alcohols.  (3)  With  amines 
they  form  alky  lie  ureas  : 

CO<NHJ  +  C2^5  •  NH2  =  CO<NH-  C*H5  +  HC1. 

Nucleus-synthetic  reactions  :  (4)  With  benzene  and  phenol  ethers  in  the  presence  of 
A1C1S  they  yield  acid  amides :  COCl .  NHa  +  C6H6  =  C6H5 .  CO .  NH2  +  HC1. 


Carbamide,  Urea,  CO<^£j*}  melting  at  132— 133°,  was  discovered 
by  v.  Rouelle  in  urine  in  1773,  and  was  first  synthesized  from  isocya- 
/a£eo\  ammo”lum  hy  Wohler  in  1828  (Pogg,  A.  (1825)  3,  1 77  ? 
(1828)  12,  253).  This  was  a  brilliant  discovery,  which  showed  that 
organic  as  well  as  inorganic  compounds  could  be  built  up  artificially 
rom  their  elements  (p.  17),  it  occurs  in  various  animal  fluids, 
c  nelly  in  the  urine  of  mammals,  and  can  be  separated  as  nitrate  from 
concentrated  urine  on  the  addition  of  nitric  acid.  It  is  present  in 
void  n’’!,n  S  m  the  unne  of  birds  and  reptiles.  A  full-grown  man 

ahox?  30  grams  of  urea  daily-  The  fornial,on 

It  nnv  he  nmi C  decomPosition  of  albuminoid  substances. 

It  may  be  prepared  artificially:  (1)  by  evaporating  the  aqueous  sola- 
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tion  of  ammonium  isocyanate,  when  an  atomic  transposition  occurs 
(Wohler) : 

CO :  N .  NH4  yields  CO<^3. 

Mixed  aqueous  solutions  of  potassium  cyanate  and  ammonium  sulphate  (in  equiva¬ 
lent  quantities)  are  evaporated  ;  on  cooling,  potassium  sulphate  crystallizes  out  and  is 
filtered  off,  the  filtrate  l>eing  evaporated  to  dryness,  and  the  urea  extracted  by  means 
of  hot  alcohol.  This  is  also  a  reversible  process.  On  heating  j^n  urea  solution  for 
some  time  to  ioo0,  four  to  five  per  cent,  of  the  urea  will  be  changed  to  ammonium 
cyanate  (B.  29.  R.  829). 

It  is  also  formed  by  the  methods  in  general  use  in  the  preparation 
of  acid  amides :  (2)  by  the  action  of  ammonia  (<i)  upon  carbamic  esters 
or  urethanes,  (£)  upon  alkylic  carbonic  esters,  (c)  upon  fused  phenyl 
carbonate  (B.  17,  1286),  and  (</)  upon  chlorcarbonic  esters.  The 
bodies  mentioned  under  b,  c  and  d  first  change  to  carbamic  esters : 

NH, .  CO,C,H5  4-  NH,  =  NH,CONH,  +  C.H.OH 
CCHOC,H5),  +  2NH.  =  NH,CONH,  4  aCjrijOH 
CO(OC-H5),  -I-  2NHj  =  NH,CONH,  +  iCjH.GH 
Cl(CO,C,H,)  +  3NH,  =  NHjCONH,  4-  C,H5OH  4-  NHtCl. 

(3)  By  the  action  of  ammonia  upon  phosgene  and  urea  chloride  : 

COC1,  +  4NH,  =  CO(NH,)t  4-  2NH4C1 
C1CONH,  -j_  3NH,  =  CO(NHt),  +  NH4C1. 

(4)  By  heating  ammonium  carbamate  or  thiocarbamate  to  130- 
140°. 

1  he  two  following  methods  of  formation  show  the  genetic  relation 
of  urea  with  thiourea,  cyanamide  and  guanidine  : 

(5)  Potassium  permanganate  oxidizes  thiourea  to  urea.  (6)  Small 
quantities  of  acids  convert  cyanamide  into  urea : 

CN  .  NH,  4-  H,0  =  CO<££. 

(7)  Urea  is  formed  when  guanidine  is  boiled  with  dilute  sulphuric 
acid  or  baryta  water ; 

NH :  C(NH,)#  +  11,0  =  CO(NH,),  +  NH,. 

Urea  crystallizes  in  long,  rhombic  prisms  or  needles,  which  have  a 
cooling  taste,  like  that  of  saltpetre.  It  can  be  readily  obtained  pure 
by  one  recrystallization  from  amyl  alcohol  (B.  26,  2443).  It  dissolves 
in  one  part  of  cold  water  and  in  five  parts  of  alcohol ;  it  is  almost  in¬ 
soluble  in  ether.  It  melts  at  1320,  and  above  that  temperature  breaks 
up  (1)  into  ammonia,  ammelide,  biuret  and  cyanuric  acid.  (2)  ^  l*en 
urea  is  heated  above  ioo°  with  water,  or  when  boiled  with  alkalies  or 
acids,  it  decomposes  into  carbon  dioxide  and  ammonia.  1  he  same 
decomposition  occurs  in  the  decay  of  urine. 
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(3)  Nitrous  acid  decomposes  urea,  in  the  same  manner  that  it  de¬ 
composes  all  other  amides : 

C0<NIIa  +  N*°» =  C°l  +  2N*  +  2Hs°‘ 

(4)  An  alkaline  hypobromite  decomposes  urea  into  nitrogen,  car¬ 
bon  dioxide  and  water : 

CO(NHj)a  -f  3NaOBr  =  COa  -f  Na  +  2HaO  -f  3NalIr. 

Suits :  Urea,  like  glycocoll,  forms  crystalline  compounds  with  acids,  bases  and 
salts.  Although  it  is  a  diamide  it  combines  with  but  one  equivalent  of  acid  (one  of 
the  amido-groups  is  neutralized  by  the  carbonyl  group). 

Urea  Nitrate,  CH4NaO  .  HNOs,  shining  leaflets,  which  are  not  very  soluble  in  nit¬ 
ric  acid.  The  oxalate,  C0(NIIa),CaHa04  +  2lIaO,  consists  of  thin  leaflets,  which 
are  soluble  in  water. 

On  evaporating  a  solution  containing  both  urea  and  sodium  chloride,  the  compound, 
CH4NaO .  NaCl  +  HaO,  separates  in  shining  prisms. 

The  extent  of  the  decomposition  of  albuminoid  substances  in  the 
animal  body  is  one  of  the  fundamental  questions  of  physiology.  Urea 
is  by  far  the  most  predominant  of  the  nitrogenous  decomposition  pro¬ 
ducts  of  albuminous  substances  in  mammalia  and  batrachia.  Its  accu 
rate  determination  is,  therefore,  of  the  utmost  importance. 

The  Kjeldnhl-Wilfarth  method  is  the  best  adapted  for  the  estimation  of  nitrogen  in 
the  products  of  the  metabolism.  The  method  of  Liebig  may  also  be  used  for  t  c  e 
termination  of  urea.  It  consists  in  titrating  in  neutral  solution  with  mercuric  n’tra^ 
when  a  precipitate,  consisting  of  a  mixture  of  double  compounds  of  carbarn  u  e  aij. 
mercuric  nitrate,  separates,  together  with  the  simultaneous  liberation  of  mtru  • 
The  Knop-HUfner  method  consists  in  decomposing  the  urea  with  sodium  hypo 
mite  (see  above).  PflUger  and  his  students  have  critically  examined  all  metnoi  s  s  g 
gested  for  this  purpose  (compare  Arch.  f.  d.  ges.  Phys.  21,  248;  35*  *99  >  3 
101,  etc.). 

Alkylic  ureas  are  produced  according  to  the  same  reactions  which  yield  urea  (0 
when  primary  or  secondary  amines  act  upon  isocyanic  esters  or  isocyanic  acid  . 

CO :  NH  +  Nil, .  CaII5  =  CO<jJ[[  *  CsII,i 

Ethyl  Urea. 

CO  =  N .  CaII5  +  NH(CjII5)j  =  N(CaH5).CO .  Nil .  C,H, 

Triethyl  Urea. 

Alkylic  ureas  are  formed,  too,  when  isocyanic  esters  are  heated  with  water 
and  amines  being  produced  ;  the  latter  unite  with  the  esters  : 

CO :  N  .  CjIIj  +  IIaO  s  NHa .  C,H6  +  COa  and 

CO :  N .  C.H,  +  NHa .  CaH&  =  CO<*j}J  ; 

(  21)  1  hey  are  also  obtained  by  the  action  of  urea  chloride  and  alkyl-urea  i  hlori 
upon  ammonia,  and  primary  and  secondary  amines  (i>.  too),  as  well  as  by  the 
of  phosgene  on  the  latter.  v 
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Cyclic  Alkylen  Urea  Derivatives. 

The  ureas  and  aldehydes  combine  at  the  ordinary  temperature,  with 
the  exit  of  water,  and  yield  the  following  compounds : 


,XH. 


Methylene  Urea,  CO<^jj]>CH,,  consists  of  white,  granular  crystals  (B.  29, 
2750- 


Ethidene  Urea,  CO<^-j^y>CH.  CHS,  melts  at  1540. 

\HCH 

Ethylene  Urea,  CO<^^  HC 14°*  *somer'c  w'th  ethidene  urea,  is  produced  on 

heating  ethyl  carbonate  to  1800,  together  with  ethylene-diamine.  Needles,  melting 
at  131°. 

Dinitro-ethylene  Urea ,  C0<^-  ‘ 

.  (NO,) .  CHt 

Trimethylene  Urea ,  CO<*{J  *  £JJ*>CH„  melts  at  260°  (A.  232,  224). 

co<»£  2 

Ethylene  Diurea,  >CaH4,  is  produced  upon  heating  ethylene  dia- 

C°^NH, 

mine  hydrochloride  with  silver  cyanate.  It  melts  at  1920  with  decomposition. 

\  ery  little  is  known  relative  to  the  action  of  urea  upon  dialdehydes ,  aldehyde- 

CH"  NH 

ketones ,  and  diketones  :  Acetylene  Diurea ,  GlycoluriL  CO<r  1  >COl?), 

J  NNH  .  CH  .  NH 

is  obtained  from  glyoxal  and  urea,  as  well  as  by  the  reduction  of  allantoln  (B.  19* 
2477)^ 

Nitric  acid  converts  it  into  DinitroplycoluriL  Acetylene-dinitro-diureine, 

^NH.CH.N(NCy 

N^NO  Y>^^9  ^ecomPoses  at  2I7°>  “d  when  boiled  with  water 

,  ,  ,  *  NH.CH.OH  - 

passes  into  glycolur einet  CO<^  1^  ,  isomeric  with  hydantoic  acid.  Con- 

NH  .  CH  .  OH 

suit  B.  26,  R.  291,  for  the  action  of  urea  upon  acetyl  acetone . 


DERIVATIVES  OF  UREA  WITH  ACID  RADICALS,  OR  UREIDES. 

The  urea  derivatives  of  the  monobasic  acids  are  obtained  in  the 
action  of  acid  chlorides  or  acid  anhydrides  upon  urea.  By  this  pro¬ 
cedure,  however,  it  is  possible  to  introduce  but  one  radical.  1  he 
compounds  are  solids;  they  decompose  when  heat  is  applied  to  them, 
and  do  not  form  salts  with  acids.  Alkalies  cause  them  to  separate  into 
their  components. 


Form>'1  Ur‘a>  NH*  •  CO .  NH  .  CHO,  melts  at  167°  (B.  29,  2046) 
Acetyl  Urea,  CO<£JJ;  C»H»°,  is  not  very  solubIe  in  cold  wat< 


very  soluble  in  cold  water  and  alcohol. 
It  forms  long  silky  needles\vhich  melt  at  214°  (A.  229,  30).  Consult  B.  28,  R.  63, 
foMhe  metal  derivatives  of  formyl  and  acetyl  urea.  Heat  breaks  it  up  into  acetamide 
nunc  acid.  Chloracetyl  urea,  HsXCO.  NH  .  CO.  CH.C1,  decomposes 

NH»9°-  NH.  CO.CHjBr,  dissolves  with  difficulty 
W  hen  heated  w.th  ammonia  it  changes  to  hvdantoln. 

Methyl  Ace.yl  Urea.  CO<£H ;  CjHp  h  ^  me|hy,  opoll 

s 


and  isocyanuric 
about  l6o°. 
in  water. 


UREIDES. 
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digesting  it  wish  acetic  anhydride,  and  by  the  action  of  bromine  and 
hydroxide  npoc  acetamide  p.  163).  It  melts  at  lSo°. 


2CH,.  COXH,  -j~  Btj  =  CO<*J* ; CH*  +  2HEr. 

XH  r  H*0 

Diacetyl  Urea,  CO<^  jj  '  results  when  COC1,  acts  on  acetamide,  and 

stiAhsxs  in  needles  without  decomposition. 


Ureides  of  Oxyacids. — Open  and  closed  chain  and  ring-shaped 
or  cyclic  ureides  are  known.  This  is  especially  true  of  a-oxyacids,  like 
lactic  acid  and  a-oxyisobutyric  acid.  As  the  open-chain  ureides  are 
obtained  from  the  closed-chain  members  by  severing  a  lactam-union 
by  means  of  alkalies  or  alkaline  earths,  therefore  the  former  will  be 
treated  after  concluding  the  cyclic  ureides,  e.  g.: 


co< 


XH .  CH, 
XH.CO 


Hvdantoin, 
Ooscd-chain  Ur cade 
of  GsycoQic  Acid 


.XH.CH2.C02H 

Hydantosc  Acid, 
Open-chajn  Urddc 
of  Giycoflic  AckL 


Glycolyl  Urea,  C,H4N,0,.  Hydantoin,  may  be  obtained  (1)  from 
two  very  important  oxidation  products  of  uric  acid — allantoln  and 
alloxan ic  acid — by  heating  them  with  hydriodic  acid ;  synthetically 
(2)  by  heating  bromacetyl  urea  with  alcoholic  ammonia,  when  hydro¬ 
gen  bromide  is  split  off,  and  (3)  by  the  action  of  urea  upon  dioxytar- 
taricacid  (A.  254,  258).  It  melts  at  216°.  When  boiled  with  baryta 
water,  it  passes  into  glycoluric  or  hydantolc  acid : 


XH.CO 
CO<  1 

^XH .  CH, 

Qyc^yl  Urea 


H,0  =  CO< 


XH, 

XH  .  CH,CO .  OH. 

Glycoluric  Acid. 


Nitrohydantom,  CgHt(S02  jXfO*,  is  pnxiuced  when  very  smrng  nitric  acid  acts 
upon  hydantom-  It  melts  at  170°.  When  boiled  with  water  it  gives  off  CC>2  and 
passes  into  r.  1  tro- ami do- acetamide  (B.  22,  R.  58)-  t  . 

Glycolnric  Acid,  Hydantolc  Acid,  was  originally  obtained  irom 

eric  acid  derivatives  -  allantoln,  glyco-uril,  hydantoin),  bat  may  be  synthesized  *y 
heating  area  with  glycocoll  to  120°,  or  by  digesting  glycocoll  sulphate  with  potassium 
isocyanate,  analogous  to  urea,  ,  .  , 

Hydantolc  acid  is  verv  soluble  in  hot  water  and  alcohoL  When  heated  w  ltd 
hydriodic  acid  it  yields  CBr  XH,  and  glycooolL 
Taurocarbamu  Acid  (see  taurine,  p.  311). 

HfdantrAn  Hi^nolcguei.—Ta^  same  succession  of  carbon  and  nitrogen  atoms  as 
was  noticed  in  the  hvdantoin  occurs  in  the  glyoxalines  or  imidazoles  (  p-  32*  V  . 
ww,  the  bvdantoin  ring  is  less  stable  than  the  glyoxaline  ring.  On  replacing 
hydrogen  atoms  of  the  CH,-  and  the  two  XH -groups,  the  alkylic  hydantoins  are 
obtained.  They  are  known  as  a-,  3-  and  5 -derivatives,  and  are  represented  as 
foSows: 


C0< 


P  « 

XH .  CH, 

XH.CO 


Hydantoin. 


34 
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The  fl- alkylic  hydantoins  are  formed  when  urea  is  fused  together  with  mono-alkylic 
glycocolls.  Water  and  ammonia  are  set  free. 

/3-Methyl-hydantoin,  C3H3(CH3)N202,  was  first  obtained  from  creatinine,  and 
is  also  formed  when  sarcosine  (p.  355)  is  heated  with  urea  ;  or  by  heating  the  sarco- 
sine  with  cyanogen  chloride  (B.  15,  2111).  It  melts  at  1570. 

/3-Ethyl-hydanto'in,  C3lI3(C2H5)N202,  crystallizes  in  rhombic  plates  which  melt 
at  ioo°  and  sublime  readily. 

The  }  -alkylic  hydantoins  are  produced  by  the  action  of  alkalies  and  alkyl  iodides 
upon  a-hydantoins  (B.  25,  327).  The  a-derivatives  may  be  synthesized  by  heating 
the  cyanhydrins  of  the  aldehydes  and  ketones  (p.  349)  with  urea  (see  a-phenyl- 
hydantoin,  and  B.  21,  2320) : 


CN  CO  .  NH 

R .  CH<qh  +H2N .  CO .  NHa  =  R .  CH<nh  ^  +  NH3. 

a-Alkyl-hydantoTn. 


a-Lactyl  Urea,  C4H6N202,  a  Methyl-hydantoin.  It  is  formed  from  aldehyde 
ammonia  along  with  alanine,  if  cyanide  of  potassium,  containing  potassium  iso¬ 
cyanate,  be  used  in  its  preparation.  It  melts  at  140-145°.  Boiled  with  baryta  it 

absorbs  water  and  forms  a-Lacturic  Acid,  CO<^jJ  which  melts 

at  155°. 

Acetonyl  Urea,  C5H8N2G2  =  C0<'NH  _  a-Dimethyl-hydantoin, 

is  obtained  from  acetone,  prussic  acid  and  cyanic  acid  (A.  164,  264),  as  well  as 
from  pinacolyl  sulphourea  (p.  409).  It  melts  at  1  75 0 .  Boiling  baryta  water  con¬ 
verts  it  into  acetonyluric  acid,  H2N .  CO .  NIi  .  C(CII3)2  .  C02H,  which  fuses  at 
i55“i6°°. 

Both  of  the  preceding  bodies  are  ureldes  of  a-oxyisobutyric  acid. 

Nitroacetonyl  Urea ,  melts  at  140°  (B.  22,  R.  5$)* 

a-Dialkylic  Hydantoins,  e.  g.,  a  -  Diethyl- hy da  ntoin ,  2  5  2£q 

melting  at  165°,  can  be  prepared  from  cyanacetyl  cyanide,  by  transposing  it  to 
diethylcyanacetyl  cyanide,  and  then  letting  bromine  and  caustic  potash  act  upon  t  le 

latter.  The  non-tangible  intermediate  product,  (C2H6)2C<^°  £qS,  rearranges  itself 

into  a-diethyl-hydantoin  (B.  29,  R.  517). 

CH2CO .  N  H  .  . 

CHj.NH.to  ’ meUing  at  275°  (B.  29,  R.  5°9).  13  analoSously 

obtained  from  the  unstable  intermediate  product  ^  ^  resulting  from  the 

CH2 .  N :  CO 

action  of  bromine  and  caustic  potash  upon  succinamide. 


-  r  CH2CO 

/3- Lady l  Urea ,  ■ 


The  ureides  of  glyoxylic  acid,  acetoacetic  acid,  oxalic  acid,  malonic 
acid,  tartronic  acid  and  mesoxalic  acid  will  receive  attention  under 
the  uric  acid  derivatives. 


Di-  and  Tncarboxylamide  Derivatives.  Ureldes  of  Carbonic  Acid.— Free 
dicarbamidic  or  imidodicarbonic  acid  cannot  exist.  Some  of  its  derivatives  are 
rather  remancable.  They  sustain  the  same  relation  to  carbamtc  acid  that  d.glycola- 
mimc  acid  bears  to  glycocoll.  A  derivative  of  tricarbamidic  acid  is  known  : 


IMIDODICARBONIC  ESTER. 
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NH, .  CH,  .  CO,H 

Amidoaceiic  Acid 

(NH,COOH) 

Carbamic  Acid 


CH^COJI 

mi<^CH,.CO,H 

Diglycolamidic 

Acid 

COOH\ 

Dicarbamidic  Acid, 
Imidodicarbonic  Acid 


/CHj.COOH 
N— CI1,.  COOH 
XCH, .  COOH 
Triglycolamidic  Acid 

/  /CO,H 

(  n(co,- 

V  xco, 

Tri  carbarn  id  ic  Acid, 
Nitrilotricarbonic  Acid. 


>,H 

) 


Dicarbamidic  Ester,  Imidodicarbonic  Ester,  NH(CO,C,H5)„ 
melts  at  >o°  and  boils  at  2150.  It  results  when  C1C0,C,H5  (B.  23, 
2785)  acts  upon  sodium  urethane  (p.  394)- 

Allophanic  Acid,  CO<X^»  cO,H»  “  not  known  in  a  free  state'  ItS  esterS  *re 

formed  (i)  when  chlorcarbonic  esters  (I  mol.)  act  upon  urea  (2  mols  )  (B.  29,  R. 
egg) ;  (2)  bv  leading  cvanic  acid  vapors  into  anhydrous  alcohols.  At  first  carbamic 
add  esters  are  produced ;  these  combine  with  a  second  molecule  of  cyanic  acid  and 
yield  allophanic  esters  (B.  22,  1572)  • 

COXH  -f  NH, .  CO, .  C,H5  =  NH,CONHCO,C,H, 

From  carbamic  esters  or  urethanes  (3)  by  the  action  of  urea  chloride  (F.  21,  293),  or 
(4)  with  thionyl  chloride  (B.  26,  2172) : 

2NH,CO,C,H5  -f  SO  Cl,  =  NH,CONH .  CO,C,H5  +  HC1  +  s0»  +  ClHiC1- 

Ethyl  Allophanic  Ester,  NH, .  CO .  NH  .  CO,.C,H5,  melts  at  190-191  •  The 

propyl  ester  melts  at  I55°-  The  ^(^SEStvinwLtfflr.’  and,  when  heated,  split  up 
ihe  allophanic  esters  dissolve  with  dimcuy  are  obtained  from  them 

into  alcohol,  ammonia  and  cyanunc  acid.  Th  P  ^  alkaline  reaction  and  are 
by  means  of  the  alkalies  or  baryta  water,  lb  -  .  means  of  mineral 

decomposed  by  carbonic  acid.  On  attempting  to  free  the  acia  ) 

acids,  it  at  once  breaks  up  into  C(  >,  and  urea.  .  .  mrre- 

Cyanamido-carbonic  Acid.CO<gg '  Cy.nc.rbam,c  A=.d 

spending  nitrile  acid  of  allophanic  acid.  Iu  salts  are  formed  >  t  e  a 
to  salts  of  cyanamide : 

aCN .  NHK.  +  CO,  =  CO<^*>  ‘ +  ' « ' N“- 

The  eitert  of  this  acid  resnitby  the  actio,  of  aicohoiic  potash  upon  esters  of  O- 

_T  .CO. 

amiiio-dicarbonic  acid,  CN^<fQ  r  He*  ,  . 

.  NH,  aHO  ,V^r„».rVr,isfor.,«donhe,ung.he 

Biuret,  CO<NH*  co  nh,  *  .  ,^,60°: 

allophanic  esters  with  ammonia  to  100  ,  or  urea  o  3 

*co<£h,  =  ®<S.  co  • NH*  +  *Hr  .  t  olecu]e  of 

I,  is  readily  solnhle  in  aicohol  and -^SSSTbSS 
water,  in  the  form  of  warts  and  I****™  acid.  The  aqueous  solution, 
and  decomposes  further  into  Hs  ai  ) 
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taining  KOH,  is  colored  a  violet  red  by  copper  sulphate  (B.  29,  298 ;  R.  589). 
Heated  in  a  current  of  HC1,  biuret  decomposes  into  NII3,  C02,  cyanuric  acid,  urea 
and  guanidine. 

Carbamin-cyanide ,  Cyan-urea,  NH2 .  CO  .  NH  .  CN,  the  half  nitrile  of  biuret,  is 
formed,  like  urea,  from  guanidine,  as  well  as  from  cyan-guanidine  or  dicyandiamide 
(p.  414),  by  action  of  baryta  water,  and  when  digested  with  mineral  acids  yields 
biuret  (B.  8,  708).  See  B.  25,  820,  for  alkylic  cyan-ureas. 

Carbonyl  Diurea,  C3H6N4Os,  is  formed  on  heating  urea  with  C0C12  to  ioo0.  It 
is  a  crystalline  powder,  not  readily  dissolved  by  water.  Heat  converts  it  into  ammo¬ 
nia  and  cyanuric  acid  (p.  419)  (B.  29,  R.  589). 

Cyanamidodicarbonic  Ester ,  CN .  N(C02C2H5)2,  a  derivative  of  amidotricarbonic 
acid,  N(C02H)3,  not  capable  of  existing,  is  formed  when  chlorcarbonic  esters  act 
upon  sodium  cyanamide  (J.  pr.  Ch.  [2]  16,  146). 

Derivatives  of  Imidocarbonic  Acid. — The  pseudo-forms, 
imidocarbonic  acid  and  pseudo-urea,  correspond  to  carbamic  acid  and 
urea : 

NH2 .  COOH  NH  :  C(OH)2  CO(NH2)2  NH  :  C<q^» 

Carbamic  Acid  Imidocarbonic  Acid  Urea  i/j-Urea. 

These  modifications  are  not  known  in  a  free  state,  but  many  deriva¬ 
tives  may  be  referred  to  them. 

Imidocarbonic  Ester,  HN  :  C(0  .  C2H5)2,  boiling  at  62°  (36  mm.), 
is  produced  by  reducing  chlorimidocarbonic  ester  (B.  19,  862,  2650) 
and  from  di-imido-oxalic  ester  (p.  438)  by  the  action  of  alcoholic 
sodium  ethylate  (B.  28,  R.  76°)-  At  200°  it  breaks  down  into  alcohol 
and  cyanuric  ether  (B.  28,  2466). 

Ethyl  Imidochlorcarbonic  Ester,  C2H5N :  CC1(0C2H5),  boiling  at 
126°,  is  formed  by  the  union  of  ethyl  isocyanide  fp.  237)  with  ethyl 
hypochlorite  (B.  28,  R.  760). 


ester 

(p.  147)  upon  a  concentrated  potassium  cyanide  solution.  They  are  solids,  with  a 
peculiar  penetrating  odor,  and  distil  with  decomposition.  Alkalies  have  little  effect 
upon  them,  while  acids  break  them  up  quite  easily,  forming  ammonia,  esters  of  car¬ 
bonic  acid  and  nitrogen  chloride. 

Bromimido-carbonic  Ethyl  Ester ,  BrN :  C(OC,HK)„  melting  at  430,  results  when 
bromine  acts  upon  imidocarbonic  ester  (B.  28,  2470)  S 

Derivatives  of  V'-Urea.-Ethylene-pseudo-Urea,  ?Hj_°  >C:NH,  or 
CH2— 0\  CHj-NH 

6h3—N^C '  NH2’  is  Produced  by  the  action  of  brom-ethylamine  hydrobromide 

1  ^  Proovlene- i^-lirea"  r  u'S.  r>rvvf'C  °'*’  vvb>ch  solidifies  with  difficulty. 

cyanate  as  welfas  from  nfl  16  resu'ts  from  HBr-propylamineand  potassium 

SX S.1 UrCa’  by  a  molecular  rearrangement  induced  by  hydro- 

Jfyd^^Carbml^E^T NH^NH^co  *  (D.eIrivatiyes  °(  Carbonic  Acid.— 

urethane  with  zinc  and  acetic  HT t5?*  *  “  f°rme,d  r®duC,“g  £u°' 

COa  .  C2H5,  melts  at  135°  (A  288  293)  b  derivative,  C6H5  .  CH  :  N  .  NH  .- 
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Seminirbazide,  Carhumlc  llydiazidc,  Nil,,  CO. Nil.  NIIg,  malting  at  96*,  is 
■mcil  (1)  l>y  heating  urea  and  hydrazine  hydrate  to  i<x>°  (J.  pr.Ch.  |2|,52,  4651; 
)  from  hydrazine  sulphate  and  potassium  cyanide }  (3)  from  amido  guanidine  (A. 

A  ■  I*  /  t  \  ■  /  A  \  fl'AIn  IkllfM  II  /  A  oHU  1111  VA7  till  Iwtlk  ..  it  ■iIaIiIi.  .  .  / 


formed 
(3) 


27,  31,  56);  (4)  from  nitro  urea  (A.  288,311).  Willi  benzaldchydc  ii  yield tbental 
s*mi<ar/>anide,  Nil,.  CO.  NIIN  Cl  l .  Oflllr>,  melting  ill  214°.  Acetone  Stmicar- 
ba*on«t  Nll3.  CO.  Nil  .  N  :C(Cil|)g,  melting  ut  187°,  pusses  into  bisdimethylazi- 
methylene  (i>.  220)  (H.  29,  611). 

Acetoaettic  Ester  Carbatotte ,  N I  la .  CO.  Nil  .  N  :C(C11,)  .  Cll8  .  COj,C,H5,  melt¬ 
ing  at  1290  (A.  283,  18),  readily  pane*  into  a  lactazam.  Scmicarhazidc  condenses 
with  henzil  to  1.2  diphenyl  oxytrinzine.  Scmicarhazidc  is  u  reagent  for  aldehydes 
and  ketones. 

Carbohydrazid i,  Nil,.  Nil .  CO  .  Nil .  NH„ melting  at  1 5 1 5 3°. *» obtained  from 
carbonic  ester  and  hydrazine  hydrate  on  heating  to  Ioo°  (J.  pr.  Ch.  [2]  52,469). 
Dibemal  Carbohydratid, e,  CO(  N 1 1  .  N  Cl  I .  Cfll  lft)3,  melts  at  198°. 

Hydrato-dicarbonic  Ester ,  llydrazi  carbonic  hster,  C3JljO  .  CO.  NH  .  NIf .  CO.- 
O.CjHj,  melting  at  130°,  boils  with  decomposition  about  250°, and  is  prepared  from 
hydrazine  and  Cl .  COaC.Hs  (B.  27,  773;  J.  pr.  Ch.  [2  I  52,  476).  M|. 

Hydrato-duarbonamuity  Hydrazo-fomiamide,  NHa.  CON  1 1.  NII.CONII., 
melts  with  decomposition  at  244-2450.  It  is  obtained  from  potassium  cyanate  and 
salts  of  diamide  or  hydrazine:  N 1 1 a  .  NIL.  It  also  results  upon  heating  semicar  >a- 
zide  (B.  27,  57),  and  from  Azodicarbonamide ,  NHj.CON  N.CONlla,  >y 
reduction.  It  yields  the  latter  upon  oxidation  (A.  271,  127;  B.  26,  405). 

Cyclic  Hydrazine  Derivatives  of  Urea.— Urazole,  IlydrtZO-dicarbonirnlde, 

Si  I  (  0>N11,  melting  at  2440 *  forms  on  heating  hydrazo-dicarbonamide  to  200° 

(A.  283.  16),  or  from  urea  and  hydrazine  sulphate  heated  to  120 '  (B.  27,  4°9)-  ^<  c 
also  triazole.  It  is  a  strong,  monobasic  acid. 

Methylene  Carbohy dr  azide,  CO<^'  J  j  ’  ^II/'^  melting  at  181  ,  is  pro  lu 
heating  carbohydrazide  with  orthoformic  ester  to  ioo°  (J.  pr.  Ch.  [2],  52>  475)- 
Diurea ,  Rishydrazine  Carbonyl,  CO<^jJ|  mc'ting  al  2y° ’ 's  ^ >r 

from  hydrazine  carbonic  ester  and  hydrazine  hydrate  at  100  (B.  27>  2^4,  J  | 

Ch.  [2],  52,  482).  .  .  ..  r'e\  11  m  m  CO  II.  Its  potassium 

Azodicarbonic  Acid,  Azoformic  And ,  C02H.N  N-  -  *  needles.  It  is 
salt  explodes  when  heated  above  ioo°.  It  consists  of  sma  _  y  otash  jt  readily 
formed  when  azodicarbonamide  is  boiled  with  concentrated  «  •  - 1  arojde  and 

decompose,  in  . . .  . . lion,  Riving  off  CO  pot. . 5,?*SS  ■»* 

nitrogen.  The  isolation  of  the  unknown  dittmde  j  ;  *  mmT  is  an  orange- 

yet  proved  successful.  The  diethyl  ester,  boiling  a  (  3  '  ZOe*ter, 

yellow-colored  oil,  and  is  formed  when  nitric  acid  “u  yis  an  orange-red- 

Azodicarbonamide ,  A/oformarnide,  N112u^Jn  -  ii^rVirsnamide  with  chromic 
colored  powder.  It  is  produced  (i)  on  oxidizing  ,'yra7:','(  f  azodicarOunatnidine, 
acid ;  (2)  by  boiling  the  aqueous  solution  of  the  nitrate  oi  a 

NII„  .NIIj 

\c — N  =  N— C'  (P-  4*5). 

NH  ^  ^NII 

N  :  C(SO,K),  j#  formed  on  boiling 

Potassium  A zi methane  Disulphonate ,  ^  _  C(SO#K)3  2 

^  e't<i(\  lO  in  xylene  solution.  Orange 

potassium  diazomethane  disulphonate ,  ^  ,  ts  tlp0r, 

yellow  colored  needles,  which  result  when  a  s'diiiion  < >f  K)3 — the  addition 

primary  potassium  amino-methane  disulphonate,  *'  2i6i). 

product  of  prussic  acid  and  monopotassium  sulp  1 '  '  , ,  o’xvnrethane,  1 10.  NI  •' 

Hydroxylamine  Derivatives  of  Carbonic  A 
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O  C  H 

C02.  C2H5,  or  HON :  C<q^  2  6,  is  a  colorless  liquid.  It  is  produced  when  an 

hydroxylamine  solution  acts  upon  chlorcarbonic  ester  (B.  27,  1254)- 

Hydroxyl  Urea ,  NH2 .  CO .  NH .  OH,  melting  at  128-130°,  dissolves  readily  in 
water  and  alcohol,  but  with  difficulty  in  ether.  It  is  obtained  from  hydroxylamine 
nitrate  and  potassium  isocyanate  (A.  182,  214). 


SULPHUR-CONTAINING  DERIVATIVES  OF  CARBAMIC  ACID  AND  OF  UREA. 

The  following  compounds  correspond  to  urethane  and  urea  : 


C0^NH* 

'■'u<''SC2H6 

Thiocarbamic 

Ester 


.  c2h5 

Sulphocarbamic 

Ester 


CS<-NH2 

^b^SC2H5 

Dithiocarbamic 

Ester 


CS<NH2  or  NH :  C<?~2 


'SH. 


Sulphourea. 


Many  reactions  of  sulphourea  indicate  that  its  constitution  is  prob¬ 
ably  best  expressed  by  a  formula  analogous  to  one  of  the  non  existing 
pseudo- forms  of  urea. 

OH 

Imido-thiocarbonic  Acid ,  NH  :  ^ ,  is  an  hypothetical  acid.  Its  derivatives  are 

all  of  the  aromatic  series  (see  phenyl-isothio-urethane),  unless  the  alkylic  derivatives 
of  thiocarbamic  acid  are  to  be  referred  to  this  pseudo-form. 

Thiocarbamic  Acid ,  Carbamine  Thiol  Acid,  CO<g^2,  is  not  known  in  the  free 

state.  Its  ammonium  salt  is  prepared  by  leading  COS  into  alcoholic  ammonia  (A. 
2®5>  *73)-  It  is  a  colorless,  crystalline  mass,  which  acquires  a  yellow  color  on  ex¬ 
posure  to  the  air,  owing  to  the  formation  of  ammonium  sulphide.  When  heated  to 
130°  it  breaks  up  into  hydrogen  sulphide  and  urea. 

The  methyl  ester,  NH2  .  CO  .  S  .  CH3,  melting  at  95-98°,  and  the  ethyl  ester,  melt- 
ing  at  108°,  are  obtained  by  conducting  hydrochloric  acid  gas  into  a  solution  of  CNSK 
(or  of  alkyl  sulphocyanates— B.  19,  1083)  in  alcohols  (together  with  esters  of  sulpho- 
carbamic  acid  J.  pr.  Ch.,  [2]  16,  358)  ;  and  by  the  action  of  ammonia  upon  the 
dithiocarbonic  esters  and  chlorthioformic  esters. 

These  are  crystalline  compounds  which  dissolve  with  difficulty  in  water. 

Ethyl  Ethosulphocarbamic  Ester ,  C2H5 .  NH  .  CO  .  S  .  C2H6,  boils  at  204-208°. 
t  results  from  the  union  of  ethyl  isocyanate  with  ethyl  mercaptan. 

csulphocarbamic  Acid,  Xanthogenamic  Acid,  NH,CSOH,  is  known  in  its  alkyl 
compounds.  1 

1  he  esters  of  sulphocarbamic  acid — thioure thanes,  the  xanthogenamides — are 
iormed  when  alcoholic  ammonia  acts  upon  the  xanthic  esters  (p.  391)  : 


.S  .  G>H 


CS<o’.  cjllg  +  NH3  =  cs<o.  C2H5  +  C2Hs-  SH‘ 

,8oTt'eTf^/  e\ter,  of  sulphocarbamic  acid  is  slightly  soluble  in  water  and  melts  at 
3»  •  i  he  methyl  ester  melts  at  430.  It  is  slightly  soluble  in  water.  Both  esters 
ecompose  into  mercaptans,  cyanic  acid  and  cyanuric  acid  on  heating.  Alcoholic 
affialies  decompose  them  into  alcohols  and  thiocyanates. 

u  “e  t!f  „*o  «%\su  phocarbamic  adds  are  obtained  when  the  mustard  oils  are 

Heated  to  lio°  with  anhydrous  alcohols: 

CS  :  N  .  C2H5  -f  C2H5 .  OH  =  CS<J$Hr‘  %Hs. 

(J  .  “5 

breTk ^ rft r! 1  q ^at  ^ee^s»  boil  without  decomposition  and 
^  0  10  s>  H2S  and  alkylamines,  when  acted  upon  with  alkalies  or 
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acids  Ethyl  Sulphocarbatnic  Ethyl  Ester ,  C2II5 .  NH  .  CS .  O .  C2H5,  boils  at  204  °- 
208°.  Ally l  Sulphocarbatnic  Ethyl  Ester ,  C3H5 .  NH  .  CS .  O  .  C2Ii5,  from  allyl 
mustard  oil,  boils  at  2Io°-2I5°. 

Dithiocarbamic  Acid ,  NH2 .  CS.  SH  or  NH  =  C(SH)2,  is  obtained  as  a  red  oil 
upon  decomposing  its  ammonium  salt  with  dilute  sulphuric  acid.  It  readily  breaks 
down  into  sulphocyanic  acid,  CN  .  SH,  and  hydrogen  sulphide.  Water  decomposes 
it  into  cyanic  acid  and  2H2S.  Its  ammonium  salt ,  NH2 .  CS .  SNH4,  is  formed  when 
alcoholic  ammonia  acts  upon  carbon  disulphide.  It  consists  of  yellow  needles  or 
prisms.  It  yields  mercaptothiazoles  with  a-halogen  ketones  (B.  26,  R.  604). 

The  dithiourethanes  are  the  esters  of  the  above  acid.  They  arise  when  the 
thiocyanic  esters  are  heated  with  H2S  (compare  phenyl  dithiocarbamic  acid) : 


N  =  C .  S .  C2H5  +  H2S  =  esc^n 


They  are  crystalline  compounds,  soluble  in  alcohol  and  ether,  and  are  decomposed 
into  ammonium  thiocyanate  and  mercaptans,  when  treated  with  alcoholic  ammonia. 
The  ethyl  ester  melts  at  41-420  and  the  propyl  ester  at  970. 

A  Iky l- dithiocarbamic  Acids.— The  amine  salts  of  these  compounds  are  obtained  on 
heating  CS2  with  alcoholic  solutions  of  the  primary  and  secondary  amines . 

CS2  -j-  2C2ii5  .  nh2  =  CS<s(NH,*.  C2Hj)' 

When  the  amine  salts  of  ethyl-dithiocarbamic  acid  are  heated  to  no0,  dialkyhc 
thio  ureas  are  produced  (p.  408) : 

pq/NH  •  C2H6  _  CS<NH  .  C2H6  +  H  S 
CS<S  .  (NHj.  C2H5)  —  ^  NH  .  C2Hj  ^ 

Diethyl  Thiocarbamide. 

If  the  aqueous  solution  of  the  salts  obtained  from  the  J.ul|?^y,^t™j"^rbainic  acid 
with  metallic  salts,  e.g.,  AgNO„  FeCls  or  HgCl2,  salts  of  ethyl-dithiocarbam.c 

are  precipitated 


«<SN(HN^,Ht)+  AbN°*  =  CS<^'  Cl"S  +  (NH>  C,Hi,N0- 


These  yield  the  mustard  oils,  or  isothiocyantc  esters,  when  boded  ^  ^  (B.  8, 

The  salts  obtained  from  the  secondary  amines  do  not  yield  must 

NH,CSSN(CH  .  CH,)„  is  produced  by  ^ 
carbamate  together  with  aldehyde.  It  is  also  pro  .  shining  crystals,  and 

ammoXcarbou  disilphide  and  aldehyde. 

Thiourea,  Sulphocarbamide,  1  ’ 

at  1720,  is  obtained  (as  first  observed  by  g^o  (a.  1jgy  113), 

224)  by  heating  ammonium  thiocyanate  0  7  -  ^  ^  formation  of 

when  a  transposition  analogous  to  that  oc  ®  joes  not  proceed 
urea  takes  place  (p.  397)*  l  h,s  synthesis,  >  > <  jphourea  is 

with  ease,  and  is  never  complete,  because  at  160-170 
again  changed  to  ammonium  sulphocyanate 


CS :  N .  NH4 


->cs<NII 


Sulphourea  is  also  produced  by  the  action  of  hydrogen  su  1 
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presence  of  a  little  ammonia)  or  ammonium  thiocyanate  upon  cvan- 
amide  (B.  8,  26)  :  } 

CN.NH,  +  SH,  =  CS<^=. 

Sulphocarbamide  crystallizes  in  thick,  rhombic  prisms,  which  dis¬ 
solve  easily  in  water  and  alcohol,  but  with  difficulty  in  ether;  they 
possess  a  bitter  taste  and  have  a  neutral  reaction. 

Transpositions :  (1)  When  sulphocarbamide  is  heated  with  water  to 
1 40°  it  again  becomes  ammonium  thiocyanate.  (2)  If  boiled  with 
alkalies,  hydrochloric  acid  or  sulphuric  acid,  it  decomposes  accord¬ 
ing  to  the  equation  : 

CSNaH4  -f  2H20  =  C02  +  2NH3  +  HaS. 

(3)  Silver,  mercury,  or  lead  oxide  and  water  will  convert  it,  at  ordinary 
temperatures,  into  cyanamide,  CN2H2;  and  on  boiling  into  dicyandi- 
amide  (p.  414).  (4)  KMn04  converts  it,  in  cold  aqueous  solution, 

into  urea.  (5)  In  nitric  acid  solution,  or  by  means  of  H202  in  oxalic 
acid  solution,  salts  of  a  disulphide,  NH2 .  C  =  (NH)S  —  S(NH)  = 
C  .  NH2,  not  known  in  a  free  state,  are  produced  (B.  24,  R.  71)-  ^ee 
25,  R.  676,  upon  the  condensation  of  thiourea  with  aldehyde 
ammonias.  Sulphourea  condenses  with  a-chloraldehydes  and  a-chlor- 
ketones  to  cunt  doth  loazo  les .  It  yields  aromatic  glyoxalitic  derivatives 
when  heated  with  benzoin. 


Constitution. — The  behavior  of  thiourea  when  oxidized  in  acid  solution  and 
certain  other  reactions  rather  support  the  formula  NH :  C<g^a  instead  of  the  di¬ 
amide  formula  (compare  J.  pr.  Ch.  [2]  47,  135).  Possibly  free  thiourea  possesses  the 
symmetrical  formula,  while  its  salts  are  derived  from  the  pseudo-form  NH  :  C  ^ y 
(P-  54). 


r-c  ir^ijUreTj  Jr°mbines  with  i  equivalent  of  acid  to  form  salts.  The  n'[ulte' 
CbN2H4 .  HNO#,  occurs  in  large  crystals.  Auric  chloride  and  platinic  chloride 
throw  down  red-colored  double  chlorides  from  the  concentrated  solution.  Silver 
nitrate  precipitates  CSN2H4NO,Ag  (B.  24,  20C6  •  B  2s  R  sStY  For  the  con¬ 
stitution  of  these  metallic  salts  see  B.  17,  “97.  ’  5’ 

Vxw\ucL\—l^l0CarbamideS'  ‘n  Whidl  tke  alM  groups  are  linked  to  nitrogen,  are 
Hofmann, mUstard  oi,s  wilh  primary  and  secondary  amine  bases  (A.  W. 


CS  :  N  .  C2H5  +  NHS  =  CS<SS  '  CjHs 

-N  1 1 2 

Ethyl  Sulphocarbamide 

na .  C2II5  -f  CS :  N .  C2H6  =  NHC2H5CSNHCjHs 

Sym.  Diethyl  Sulphourea 

C  »H*)«  +  CS :  N  .  C2II5  =  N(C2H5)2CSNHC2H6 

Triethyl  Sulphourea. 

(p.^407)  T  ^  ^1C  am^e  sa^ts  the  alkyl  dithiocarbamic  acids  (B.  I,  25) 

CS<s(S„^hi)=cs<nh;c.h1  +  „iS. 


ETHYLENE  SULPHOC  ARB  AMIDE. 


409 

Ethyl  Sulphocarbamide,  CS<^  ;^'  C*H%  melting  at  113=,  dissolves  readily  in 
water  and  alcohol. 

Sym.  Diethyl  Sulphocarbamide,  CS<^  *  melts  at  77°.  Unsym. 

Dirtkyltkisurea  melts  at  1 69°.  TrizthyUkieurea  melts  at  26°  and  boils  at  205 3. 
Monomutkylthiourea  melts  at  1 190.  Sym.  Dinutkylikiourea  melts  at  61 2  (B  24, 
2729;  28,  R.  424).  Unsym.  Dinutkylikiourea ,  X H^CSN ( CH.  ^  melts  at  1^9° 
(B.  26,  2505  ,.  Propylikiourea,  see  B.  23,  286;  26,  R.  87. 

Aliyl  Sulphocarbamide,  CS<^-^  Tkicsinamine ,  is  formed  by  the 

union  of  allyl  mustard  oil  with  ammonia  p.  425  . 

It  melts  at  740.  It  is  readily  soluble  in  water,  alcohol  and  ether.  Allyl  cyar.n 
mide  and  triallyl- melam ine  are  produced  on  boiling  with  mercuric  oxide  or  lead 
hydroxide  p.  427  .  Hydrogen  bromide  changes  it  to  propylece-psewkrihiourea 

(comp.  29.  R.  6S4). 

Transformations  of  the  Alkyl  Sulphoureas. 

(1)  The  stdphocarhainkles  regenerate  amines  and  mustard  oils  bv  dlsnf.-atjon  with 

p,<V  or  when  heated  in  HCl-gas : 

=  CS:X.C5H5  +  XH,  .  C,H5. 

(2)  The  sulphur  in  the  alkvlic  sulphocarbamides  may  be  replaced  by  oxygen  if 
these  compounds  are  boiled  with  water  and  mercuric  oxide  or  lead  oxide.  1  hcse 
that  contain  two  alkyl  groups  yield  the  corresponding  ureas : 


CS^NH .  CjH5  Ro0  _  co^NH .  QH5 
UxXH.C5H.  +  Hg°'"eL  XH.CH5  *  * 

whereas  the  memo-derivatives  pass  into  alkylic  cyanamides  (and  melamine^  aner 

parting  with  hydrogen  sulphide  (pp.  393*  394)- 

CS<^-  W  =  N  :  C .  XH .  C,H5  +  SH^ 

(3)  On  digesting  the  dialkylic  sulphocarbamiies  with  mercuric  ci-u.  — 
oxygen  is  exchanged  for  the  imid -group  and  guankiine  derivatives  ar  pear  j).  41  * 


yXH .  CjHs  / *H  -  ^Hs 

CS\  +  NHi-  C*Hs  +  H§°  = 

H .  CjHs 


HgS  +  H*<>- 


\XH.CjHj 

Consult  B.  23,  271,  upon  the  constitution  of  the  dialkylic  sulphocarbamides. 


XH 

Ethylene  Sulphocarbamide,  ts 


obtained  from  ethylene-diam¬ 


ine  and  carbon  disulphide  (B.  5.  242).  It  melts  at  195  -  - ,  p 

S&kZLL'l ^^ethyl-ethyiec^su^c^^^o^ 

tonine,  GS[XHC<CH,  melts  at  240-243  {ormed  h-  “e 

®poo  carton  disulphide  and  acetone  (B.  29.  R-  6691.  ,  n  irrr^'terial 

****«  -1"  *•  tb, 

whether  they  are  derived  from  the  sym.  or  unsym.  s»*.p  ^^  UIKis  about  to 

groups  were  in  all  cases  joined  to  nitrogen.  wDereas  the  J**“j*" 
be  described  most  be  considered  as  derivatives  of  psecuos  -  ajj:Tj  iodides  to 

The  aliriu  psmdcsmpkosarkamiaa  result  upon  t..e  fa  because, 

the  thioureas.  The  alkyl  groups  contained  in  them  are  nnuea  -  and  roSr- 
when  they  are  acted  upon  with  ammonia,  they  are  cn^.-^ec  -  s 
t^ptanstB.  11,492  ;  23.  2195). 
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Alkylen  Derivatives  of  Pseudosulphourea. 

g _ CH 

Ethylene -pseudothiourea,  NH  .  C<  i  9  or,  more  probably 

NH  .  CH2 

,  is  obtained  from  HBr-ethyleneamine  and  potassium  thiocyanate. 

It  is  a  base  with  strong  basic  properties.  Its  salts  crystallize  well.  It  melts  at  85° 
(B.  22,  JI41,  2984;  24,  260). 

Propylene-pseudothiourea,  C3H6:  CSN2II2,  from  brompropylamine  and  potas¬ 
sium  thiocyanate,  is  perfectly  similar.  It  also  results  from  allyl  thiourea  by  action  of 
hydrobromic  acid  : 


NH=CC-iH 


S— CH, 


CH2  =  CH 


4-  HBr 


CH2NH .  CSNH2 


CH,.  CHBr 


£h2NH .  CSNH 


-HBr  CH3CH  —  S\ 

6h3—n^c-  NHj’ 


Acetyl  Pseudosulphocarbamide,  HN  =  C<c 'l1.  n  is  obtained  from 

thiourea  by  heating  it  with  acetic  anhydride  ;  also  from  cyanamide  (carbodiimide,  p. 
426)  and  thioacetic  acid.  This  second  method  argues  for  the  compound  being  a 
derivative  of  pseudosulphocarbamide.  It  melts  at  165°. 

Pseudothio-,  or  -sulpho-hydantoin,  HN  :  C<NH  *  ,  is  obtained  when 

.  h  C  H  2 

chloracetic  acid  (A.  166,  383)  acts  on  sulphocarbamide,  and  was  formerly  thought 

to  be  the  real  thiohydantoin,  CS<^  1  .  However,  its  formation  from  cyan- 

NH  .  CH2 

amide  and  thioglycollic  acid  and  its  decomposition,  when  boiled  with  baryta  water, 
into  thioglycollic  acid  and  dicyandiamide  prove  that  it  is  a  pseudosulphocarbamide 
derivative,  which  contains  the  ring  (p.  423)  occurring  in  thiazole  compounds  (B.  12, 
i588). 

I  seudosulphohydantoin  crystallizes  from  hot  water  in  long  needles,  and  decom¬ 
poses  near  200°. 

Boiling  acids  convert  it  into  mustard-oil  acetic  acid ,  C0<NH  *  .  with  elimi¬ 
nation  of  NH,.  ’  S  CHj 


Hydrazine  Derivatives  of  Thiocarbonic  Acid. 

(^^^vnADithi°Cvar^azinaUt  NHa  •  Nil .  CSSNH, .  NH2,  melting  at  1*4°.  •? 
formed  when  hydrazine  hydrate  acts  upon  CS2  (B.  29,  R  In).  Hydrazodicarbonthi- 

of hvH’  lCS,-  ,NH  ’  N,H  '  CS  '  NHt,  melting  at aij«, fa  formed  on  boiling  a  solution 

ydrazine  sulphate  with  ammonium  sulphocyanide  (B  26  2877)  with  the  simultane- 
s*  N«.  .8.-183°  <B. 

and  ^DimethW  thi  ht0iemicarbazidt>  CH, .  NH  .  CS  .  NH  .  NH,.  melting  at  137  * 

formSXm  milhvu""  ^  CH, .  NH  .  CSNH  .  NHCH„  melting  at  138°.  “e 

Hydrazodicarbon  th  hydrazine  and  methyl  hydrazine  (B.  29,  292°  ' 

' ara~odicarbon  thtoallylamtde,  C,H,NH  .  CSNH  .  NH  CSNHC.H,  (B.  29,  859)- 

donnyl  methyl  thiosemicarbazide,  CH,  .  NH  .  ~  ,  melting  at  167°,  combines 

C  :  S  CIIO 

with  acetyl  chloride  to  Methyl  imidothiodiazoline,  CH, .  NH  .  ^  _ ^  . 

at  245°  IB.  27.  622Y  CS  .  — CH 


melts 


at  2450  (B.  27,  622). 
Dlthiour azole,  ^  ^ 


Mi,  CS  nie^ts  at  about  2450  with  decomposition, 


and  is 
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formed  on  heating  hydrazodicarbonthiamide  with  hydrochloric  acid.  The  hvdro- 

NH  .  CS _  3 

chloride  of  imidothiourazole,  C(NH)>NH.  «  produced  at  the  same  time 

(B.  28,  949). 


GUANIDINE  AND  ITS  DERIVATIVES. 

Guanidine  is,  upon  the  one  hand,  very  closely  related  to  orthocar- 
bonic  ester,  urea  and  sulphocarbamide,  and,  upon  the  other,  to  cyana- 
mide  (p.  426).  The  carbonic  acid  derivatives  just  mentioned  are 
united  by  a  series  of  reactions.  Guanidine  belongs  to  the  amidines, 
and  maybe  regarded  as  the  amidine  of  amidocarbonic  acid  : 


NH  C/NH> 

Urea 


nh2  .  c/Nn* 
2 


Sulphocarbamide 

The  pseudo-forms  of  urea  and  thiourea — 


HO  C/NH* 
u  •  \NH 

(Pseudourea) 


NH  C/NH^ 
n^NH 

Guanidine. 


c/nh2 
\nh 

(Pseudosulphocarbamide). 


HS 


known  in  the  form  of  various  derivatives,  are  the  amidines  of  carbonic 
and  thiocarbonic  acids. 

Guanidine,  HN  :  C<nh1>  was  first  obtained  (A.  Strecker,  1861) 
by  the  oxidation  of  guanine  (a  substance  closely  related  to  uric  acid, 
and  found  in  guano)  with  hydrochloric  acid  and  potassium  chlorate. 
It  is  found  in  certain  seeds  and  in  beet-juice  (B.  29,  2651).  It  is  also 
important  as  the  substance  from  which  creatine  is  derived.  It  is 
formed  synthetically  (1)  by  heating  cyanogen  iodide  and  NH3,  and 
from  cyanamide  (p.  426)  and  ammonium  chloride  in  alcoholic  solu¬ 
tion  at  ioo°: 

NH2 .  HC1 

CN.  NH2  +  NHS.  HC1  =  H2N%nh 


This  is  analogous  to  the  formation  of  formamidine  from  * 
(2)  It  is  also  produced  by  heating  chloropicrm  or  (3)  esters  o  ort  o 
carbonic  acid,  with  aqueous  ammonia,  to  15°°  : 


CC13(N02)  +  3NH3  =  NH2c4nh2  +  3HC1  +  N0*H 
C(0.  C2H5)4  +  3NH3  =  NH2cC’  +  4QH5OH. 


(4)  It  is  most  readily  prepared  from  the  sulphocyanate,  w  nc  1 ‘  -tjon  0f\he 
heating  of  ammonium  sulphocyanate  to  180-190°,  and  the  ur  er  -4 
thio-urea  that  forms  at  fust  (B.  7,  92)  • 


FI2N^(-.g  —  NH .  CNSH  +  H2S. 

2H,N^^s  -  II.N^ 
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The  crystals  of  guanidine  are  very  soluble  in  water  and  ai™h  i 
del  .quesce  on  exposure.  Baryta  writer  changes  it  w  uref.  ’  Md 


#T'L  »»  t  ...  uieii  at  Ho  . 

i  &e  alkyl guanidines  result  (i)  on  heating  evanamide  with  the  Hn  Mi,e  ,u 

es&ssjs* cs*' h*"  •h'i'  "s™* 

230°Uwatrand0amZniSahS  acids‘  When  *ese  are  heated  to  220- 

/  atera°P  ammonia  break  off,  and  the  guanamines  result.  These  are  pecu- 

wofeuleT^dd  S,”'  ?Cki'  B  r9'  "S)-  The>  “re  b? 

molecule  ot  acid  and  2  molecules  of  guanidine 

r  omioguanamine  is  also  produced  when  chloroform  and  caustic  potash  act  upon 

biguanid'  (p.  4I9)  (B.  25,  535).  These  bases  contain  the  ring  c  /N  =  C  \  N> 

assumed  to  be  present  in  the  cyanuric  compounds  ^  “  C  ' 

.  N  =  C(NH.Y 

F.  rm oguanamtne,  HC^  ^  ^N,  melts  with  decomposition  at  high  tern- 

per.tures.  A,  elguanamine,  CH,C^  ?  \nt  melting  at  265°,  when  heated 

with  concentrated  H,S04  to  150°  passes  int^ace^amide  ;  see  acetylurethane. 

spcMidh”e!oethe°f  t^e.°Xyacids:~The  guanidine  derivatives  corre- 
toln  are  known  Crettinefn  ?°lhC  h-vdanto!c  acid,  and  hydan- 
logical  standpoint,  belong  to imP°rtant  fr0D1  a  phyS,°* 


Glycocyamine,  guanidoacetic  acid,  NH  =  C^NHt 
the  direct  union  of  glycocoU  with  cyanamide :  HCH,CO,H’ 


is  obtained  by 


CN.NH,  +  CH,<«Bfe=cd;H’ 

onm  ~  c,_;,  ™~^co'H 

dissolves  with  difficulty  in8^^0*^*  a  time  in  granular  crystals.  It 

insoluble  in  alcohol  and  ether  It  f  ^  an<*  ra^.er  readily  in  hot  water ;  while  it  is 
1  Guanidopropionic  Acid  s  u°nn>  cr3'stalline  compounds  with  acids  and  bases, 
crystals  which  decompose  at  CN*H<  CH^  CH, .  COsH,  consists  of 

o'*-—-* *-W  «y  —  ..  .so. 

.0  llre-l-h.  „  krw„  lo  hjtaw;  -  C<XH^H,’  ■*” ““ 
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NIL  ^  NHCO 

CO<NHCHJCO.H 

Hydaotoic  Alia  HydantoTn 


NH=0"  * 

NWCH,)CO,H  NHCH, 

QjfCOC)a*l(i*  Cb'iV'TUMtot 


It  is  produced  when  glycocyamine  hydrochloride  is  heated  to  160P. 

Creatine,  methyl  glycocyamine,  methylguanw:  ne  acet.c  add, 
NH :  0<*£Hi/ji/:OjH ,  was  first  discovered  in  1854  by  Cherreal  in 

meat  extract  flesh).  Liebig  (1847;  gave  it  a  thorough  investi¬ 

gation  in  his  classic  research  entitled  **  Leber  die  Bestandtheiie  der 
Flussigkeiten  des  Fleisches"  (A.  62,  2577.  It  is  found  ^p*ria  y 
the  juice  of  muscles.  It  may  be  artificially  prepared  ().  •  cdhard, 
1869),  like  glycocyamine,  by  the  union  of  sarcosine  ( methyl  glycoco..; 
with  cyanarnide : 


NH .  CH, 


^nh’  +  6i,.co,h 


„  KH, 

=  NH : C<  ^ 


N(CH,)  —  CH,  —  CO,H. 


Creatine  crystallizes  with  one  molecule  of  water  in  gi.  4en,ng 
Heated  to  ioo°,  they  sustain  a  loss  of  water.  It  react*  nentrzl,  a 
faintly  bitter  taste,  and  dissolves  rather  readily  m  boding  wr.vr;  tt 
dissolves  with  difficulty  in  alcohol,  and  yields  crystalline  sa.u  w»tn 
one  equivalent  of  acid. 

(I,  When  digested  with  acids,  creatine  loses  water  and  crease 

store  1,  and  (2)  with  baryta  water  it  falls  into  urea  and  tar  cosine ' 

VH  NH,  NH(CH,> 

“ •  ^S  CH,,  —  CH,  —  CO.H  +  **  -  C°^». +,  tH.  CO* 


Ammonia  is  liberated  at  the  same  eme,  and 

R  rdd,  - 

™  -  ^K^co.o.coch,*  * 1650  (A-  ^ 

_  XH - 00  <jcca* 

Creatinine,  methyl  glycocvamidine,  SH~C<S  CB$)(hC 

constantly  in  urine  (about  0.25  per  cent.),  when 

from  creatine  by  evaporating  its  aqueous  ^ 

acids  are  present.  It  crystallizes  ,n  rh^b^prt^  ^ 

more  soluble  than  creatine,  in  water  anc  alcahf  -  ndds  we*- 

which  can  expel  ammonia  from  ammonium  ^  chloride- 

crystallized  salts  with  acids.  Its  2inc  chloride  p^- 

(C,HfNVD), .  ZnCl*,  is  particularly  chaiariwi*^  * ^  d»oi**g 
ci p« tales  it  from  creatinine  solutions  as  a  crv  »• 

with  difficulty  in  water.  /**  jyj^d 

(l)  Bases  cause  creaunine  to  absorb  w^*r 
with  barrta  water  it  deccmposes  mto  methyl  ij 

.... _ f/1  NH - CD  .  VH,- 

“!C<i,CH^W,+  H/>=a^CB^J:B* 
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ind  oxaHc  acid^  ^  merCU"C  °xide  U  breaks  up  ,ike  creatine  into  methyl  guanidine 

When  creatinine  is  heated  with  alcoholic  ethyl  iodide,  the  ammonium  iodide  of 
ethyl  creatinine,  C4H7(C2H5)NsO .  I,  is  produced.  Silver  oxide  converts  this  into 
the  ammonium  base,  C4H7(C2H6)NsO .  OH. 

Guane'ides  of  Carbonic  Acid. — Guanoline,  guanyl  urea,  biguanide,  and  proba¬ 
bly  dicyandiamide,  corresponding  to  allophanic  ester  (p.  403),  biuret  (p.  403),  and 
cyanurea  (p.  403),  are  derivatives  of  the  guaneide  of  carbonic  acid.  This  is  not 
known,  and  probably  cannot  exist : 


co^NH* 

tU^NH .  C02C2H5 

Allophanic  Ester 


CO<NH, 


NH  .  CO .  NH, 

Biuret 


C0<"NH’ 

vv/\^ - 


NHCN 
Cyanurea 


NH  •  C^NH* 

•^NH.  COaC2H6 
Guanoline 

NH  • 

•  ^NHC[NH]NH2 
Biguanide 


NH  •  C^NH> 
1Nn,^NH.CO.NH, 

Guanylurea 

nhc<nh’cn. 

Dicyandiamide  (?) 


Guanoline ,  Guanidocarbonic  Ester,  NH :  C<nhcO  CH  ^  XH2°>me,ts’ wIien 
dehydrated,  at  II40.  It  is  obtained  from  the  reaction -product  arising  from  chlorcar- 
bonic  ester  and  guanidine,  guanido-dicarbonic  diethyl  ester,  N H  :  '  cOCjHj’ 

through  the  action  of  ammonia  (B.  7,  1588). 

Dicyandiamidine,  NH  :  C<£J^  C0  NH  ,  Guanyl  Urea,  is  formed  (l)  by 

the  action  of  dilute  acids  upon  dicyandiamide  or  cyanamide,  or  (2  by  fusing  a  glia“' 
idine  salt  with  urea  (B.  7,  446).  It  is  a  strongly  basic,  crystalline  substance.  If 
forms  a  copper  derivative  having  a  characteristic  red  color.  When  digested  with 
baryta  water  it  decomposes  into  C02,  2NH3,  and  urea  (B.  20,  68). 

Biguanide,  Guanyl  Guanidine,  NH  ,  is  formed  (1)  on  heat‘ 

t0  i8o~i850;  (2)  when  cyanguanidine  is  heated  with 

characteristic  rcH  ^1  ^ ruf  strron^y  alkaline  base,  forming  a  copper  derivative  " 

(p  color.  Chloroform  and  caustic  alkali  convert  it  into  formoguanavii 

Dicyandiamide,  Par  am,  Cyanguanidine ,  NH  :  _T#  melting  at  205°, 

Ulltc  frrim  _ 1 _ •  ..  -  ^NH.CN’  C 


results  from 
its  aqueous 

urea 


soten7^00-  °f  Cyanamide  uPon  long  standing  or  by  evaporation  of 
solution.  Ammonia  converts  it  into  biguanide,  and  dilute  acids  to  guanyl- 
t-  Formerly,  the  formula  NH2  .  ^  ^  ;  C<NH>C ;  NH,  was 

form  a6  indh:^ with  piperidine>  with  which  it  combines  to 

See  guanazole,  p.  415'  ’  1Ca  eS  tbe  cyanamidine  formula  (B.  24,  899;  25,  525) 


N  t  • GUANID1NE  and  ITS  TRANSPOSITION  products. 

le  guanidine  and  w ea* demativlrfThM  preParation  of  a  series  of  remarc’ 

45)-  ri'auves  (Thiele,  A.  270,  i;  273,  133;  B.  26,  2598. 


able 

2645)! 


Nitroguanidine,  NH : 
with  a  mixture  of  nitric  and  ^lp 


melting  at  240°,  results  on  treating  guanidine 
acids.  It  dissolves  with  difficulty  in  cold 
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water,  more  readily  in  hot  water,  and  very  copiously  in  alkalies,  because  of  its  feeble 
acid  character. 

A  iti oso-guatiidine,  XH  :  (?)» is  produced  by  reducing  nitroguanidine 

with  zinc  dust  and  sulphuric  acid.  It  consists  of  yellow  needles,  exploding  at  160- 

Amido-guanidine,  NH :  2,  results  when  nitro-  and  nitroso-guanidine 

are  reduced  with  zinc  dust  and  acetic  acid.  Amido-guanidine  decomposes  readily 
when  in  a  pure  condition,  and  when  boiled  with  acids  it  breaks  down,  with  the  tem¬ 
porary  production  of  semicarbazide  (p.  405),  into  carbonic  acid,  ammonia,  and  hydra- 
situ,  which  can  therefore  be  conveniently  prepared  in  this  manner : 

nh.^NH.NH,  hso  /rn^NHNH^  H»0  rn  ^  NH,NH, 

) - ^C0*+NH3. 

Amido-guanidine  forms  well-crystallized  compounds  with  dextrose,  galactose,  and 
lactic  acid  (B.  28,  2613). 

✓  NH — N 

-  H  (?),  melting  at  148°,  is  produced 

■C .  CH, 

when  acetylamido-guanidine  nitrate  is  treated  with  soda. 

j_j _ XH 

Guanazole,  NH  :  C<  _  1  ,  melting  at  206°,  results  when  dicyandiamide 

NH — C  1  NH 

(see  above)  is  heated  with  hvdrazine  hydrochloride  in  alcoholic  solution  to  ioo° 
(B.  27,  R.  583). 

NH,  NH,  . 

Asoduarbondiamidine ,  \c — N  =  N — C/  *  is  obtained  as  nitrate  when 

NH  r  ^NH 

amido-guanidine  nitrate  is  oxidized  with  KMn04.  The  azonitrate  forms  a  yellow, 
sparingly  soluble,  crystalline  powder,  exploding  at  180-184°.  It  passes  into  azodi- 
carbonamide  (p.  405)  when  boiled  with  water. 

NH.  .NH, 

Hyd razodua rbonamidine,  yC — NH — Nil  -  C\  ,  results  as  nitrate  when 

NH  ^  %H 

azodicarbonamidine  nitrate  is  reduced  with  H,S. 

Diasoguanidine  Diniiratc,  NH  :  C<^-|JN  =  N— N°s,  melting  at  1290,  con- 

sists  of  colorless  crystals,  readilv  soluble  in  water  and  alcohol,  but  insoluble  in  ether. 
It  is  obtained  when  potassium  nitrite  acts  on  the  nitric  acid  solution  of  amidoguani- 
dine  nitrate.  Caustic  soda  converts  it  into  cyanamidc  and  hydronitnc  acid ,  and  by 
acids  in  addition  in  part  into  amidotetrazotic  acid ,  melting  at  203 °.  This  acid,  with 
its  decomposition  products,  will  be  mentioned  after  tetrazole : 


A midometkyl-triazole,  N  HLC/^ 

^N- 


NH — N=N— NO,  —  no*h 


_  — no3h  /N 

CNXH,  +  HX<  ^  -S - 

-  n-_c^N — N 

_JN  -  ^ x- 


/ 


N 


N 


N— N 


^nh.^Nh-A 

Amidotetrazotic  Acid. 


Azotetrazole.  II 

N— NH/ 


v  I .  results  when  amidotetrazotic 

^NH— N 


acid  is  oxidized  by  potassium  permanganate. 

Isocyantetrabromide  or  Tetrabromformalazine ,  Br2C  =  N —  N  =  CBr,,  meiting  at 
42°,  is  produced  when  hvdrazotetrazole,  the  reaction-product  of  azotetrazoic,  is 
treated  with  bromine  (B.  26,  2645).  With  alkalies  isocy an tetrabromide  apparently 
yields  ismcyanoxidey  CO  =  N  —  N  =  CO  (?),  or  a  polymeride  of  it.  Should  an  0x1- 
di  zable  body  like  alcohol  be  present,  isocyanogen,  C  =  N  —  N  =  C(.),  is  pro¬ 
duced.  This  substance  has  an  odor  very  much  like  that  of  isonitrile. 
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NITRILES  AND  IMIDES  OF  CARBONIC  AND  THIOCARBONIC  ACIDS. 

The  nitriles,  cyanic  add,  thiocyanic  add,  cyanogen  chlodde  and 

stand  in  a  systematic  and  genetic  connection  with  carbamic 

acid,  thiocarbamic  acid,  urea  chloride,  and  urea,  as  well  as  with  thio- 
urea  \ 

— SS2S  uSSS.  XHl£XH’ 


N  =  C .  OH 

Cyanic  Acid 


T  h  t  ocarbamic 
Acid 

X  =  C.SH 
Thiocyanic  Acid 


x  =  c  ci 

Cyanogen  Chloride 


Tfclo-srca 

N  =  C.  XH, 

Cyanamide," 


rxiw  em5iriC  form“las  of  cyanic  acid,  CNOH,  thio-cyanic  acid, 
,  an  c)  anamsde,  CN,H„  have  each  another  structural  formula : 


H.\  =  C  =  0 

Isocyanic  Acid, 
Carbim  ide 


HX  =  CS 
Isothiocyanic  Acid 
Thiocarbimide 


XH  =  C  =  XH 
Carbodi-imide- 


forntteof^chof SS'bSiS  tThT  W,hiCh  corresJ°::d  10  bod' 

f,r  j  mot.  ,  n  .  |>ooies>.  The  isothiocyanic  esters,  or  mus- 

cv^ic  mentioned.  The  constitution  of  free 

certaintv  Th#»  °  c^narrilde»  h35  not  yet  been  determined  with 
to  Samlo:  ^“cidN  =  C  ‘  SH’  “  -i-rsally  attributed 

TfQDCy  °f  C-vanic  acid  and  cjanamide  to  polj- 

of  compoun di^vould  Tnd  icat e 't ha^th '  ?Xper:ence  wnh  other 
rical  constitution — i  e  for  the  ^^f  *5  “  argTent1for 

aid  S^T^-^^^^*****  "  ^ 

spooling  tertbS.1**”  discosse<!-  *■* 

described  aDd”S^^jn““^““£.fle  cyanogen  group  have  been 
acids  (p.  283),  oxv-  and  ket-nL^^w5  P3©®  35  nitriles  of  carboxyi  c 
body,  hydrogen  cyanide  ox  acids  (PP-  349,  37®).  The  simp^ 

formic  acid.  Cyanic  acid  <a.~t  (P-  228),  has  been  discussed  yi-3 

to  that  of  carbonic  acid  to  foiudc^c re^at*on  to  pnBdc  acid 


OXYCEN  DERIVATIVES  OF  CYANOGEN 

pOL«|cwnS«THBIR  I  SOME  RIDES  AND 

,  Cyanic  Acid,  N  =  C.  OH  - 

bvloxime  (p.  237),  ^  obtained’  Wlth  fiJmiDI‘c  acid  or  car* 

\‘e  '^pors  which  distil  over  a,  *  t=aVno  polymeric  cyan  uric  acid- 
ceiver.  e  condensed  in  a  strongiv  cooled 
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quence  of  polymerization.  (2)  Isocyanic  esters  are  produced  ton  h 
oxidizing  the  carbylamines  with  mercuric  oxide  :  d’  ’  by 

CjH5  .  NC  O  =  CjH5  .  N :  CO ; 

aCti0"  °f  SilVer  isoc>'anate  uP°n  ^kyl  iodides  at  low 

CjHJ  +  CO :  NAg  =  CO :  N .  C,H5  +  Agl. 

These  esters  are  volatile  liquids,  boiling  without  decomposition,  and 
possessing  a  very  disagreeable,  penetrating  odor,  which  provokes  tears. 

1  hey  dissolve  without  decomposition  in  ether.  On  standing  they  pass 
rather  rapidly  into  the  polymeric  isocyanuric  esters. 

boilif  at^44°  ^Soc^an^c  Ester,  CO  :  N  .  CH„  methyl  isocyanate,  methyl  carbimide, 

Ethyl ^socyanie  Ester,  CO:  N.C,HS,  boils  at  60°. 

Allyl  Isocyanic  Ester,  CO  :  N  .  C,H5,  boils  at  S20. 

Transpositions .  In  all  their  reactions  they  behave  like  carbimide 
envatives.  ( 1 )  Heated  with  KOH  they  become  primary  amines  and 
potassium  carbonate  (p.  162).  This  is  the  method  Wurtz  used  when 
he  first  discovered  them. 

(2)  Acids  in  aqueous  solution  behave  similarly  : 

CO :  N .  C,H6  -f  H,0  +  HC1  =  CO,  -f  C,HS  .  NH, .  IICL 

$  aiJlinf  and  ammonia  they  yield  alkylic  ureas  (see  these), 

h  s  decomnn  Vs  th<?m  Up  "  °nce  CO,  and  dialkylic  ureas.  In 
comblneTfib  tV0n  amines  /°rm  first>  CO,  being  set  free,  and  these 
these).  th  116  excess  of  lsocyanic  ester  to  dialkylic  ureas  (see 

(p(-6^atCOa<iidcS  CTVert  them  into  alkylic,  primary  acid  amides 

them  into  alkil.V ^ taneouslX^ evolved.  (6)  Acid  anhydrides  convert 

mem  into  alkylic  secondary  acid  amides  (p.  264). 

acid7  (pT  394terS  °f  iSOCyaniC  add  Unite  with  alcohol,  yielding  esters  of  carbaruic 

rectly  with  the  haloid  acidT^The  ^  ’soc-'anic  esters  are  capable  of  combining  ** 
the  isocyanic  esters  are  again  395)’ 

cov 

C,HS 

Acetyl  Isocyanate %  CONCOCR  1  r 

chloride  upon  fulminating  mercu^n'n^abo.“t  So°>  resul,s  from  the  action  of  acetyl 
anate  would  seem  to  be  indicated  l>v  it<Ttd  *  )lat  veiy  probably  is  acetyl  isocy- 
acetyl  urethane  (p.  395)  and  mono  transpositions  with  alcohol’and  ammonia  to 

o-acetvl  urea  (p.  400)  (B.  23,  35 IO). 


=coN, 


>N  +  HC1  =  _  ^N.HCl. 


CYANURIC  ACID  AND  ITS  ALK.YLIC  DERIVATIVES. 
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CYANURIC  ACID  AND  ITS  ALKYLIC  DERIVATIVES. 

Just  as  with  cyanic  acid,  so  here  with  tricyanic  acid,  two  structural 
cases  are  possible : 


(1) 


HO— C  =  N— C— OH 
iT  =  C— N 

Ah 

Normal  Cyanuric  Acid 


OC— NH— CO 
I  I 

and  (2)  HN— CO  — NH 

Isocyanuric  Acid 
or  Tricarbimide. 


Ordinary  cyanuric  acid  is  most  probably  constituted  according  to 
formula  (1),  because  when  sodium  alcoholates  act  upon  cyanuric  bro¬ 
mide,  C3N3Br3,  and  alkyl  iodides  upon  ordinary  silver  cyanate,  esters 
of  normal  cyanuric  acid  result  (below).  Isocyanuric  acid  (formula  2) 
is  not  known  in  a  free  state.  Upon  saponifying  the  isocyanuric  esters 
(p.  420),  constituted  according  to  the  carbimide  formula  (2),  ordin¬ 
ary  cyanuric  acid  invariably  results  (B.  20,  1056). 

HO.  C:  N - C.OH  c  ,  , 

Cyanuric  Acid,  I  l  ,  was  observed  by  Scheele 

3  9  N  :C(OH).N 

in  the  dry  distillation  of  uric  acid.  It  is  produced  (i  )  by  heating  tri- 
cyanogen  chloride  C3N3C13  or  tricyanogen  bromide  (B.  16,  2893;  with 
water  to  120-130°,  or  with  alkalies.  (2)  Dilute  acetic  acid  added  to 
a  solution  of  potassium  isocyanate  gradually  separates  primary  potas¬ 
sium  isocyanate,  C3N303H2K,  from  which  mineral  acids  release  cyanuric 
acid.  (3)  It  appears,  too  (a)  on  heating  urea  (£)  or  carbonyl 
diurea  (p.  404)  :  (c)  on  conducting  chlorine  over  urea  heated  to  130- 
140°;  ( (T)  when  urea  is  heated  with  a  solution  of  phosgene  in 
toluene  to  190—  230°  (B.  29,  R.  866). 

(a)  3CO(NHA  =  C303N3Hs  +  3NH5 
(*)  NH2CONH.CO.NHCONH2  =  G,03N3H3  +  NH  upi  1  n 

M  3C1  +  3CO(NH,)!,  =  C  O  N  H  -MNH.O  +  HCI  +  N 
( d )  3C0C12  +  3CO(NH2)2  =  2C303N,H3  +  6HC1. 

Cyanuric  acid  crystallizes  from  aqueous  solution  with  2 
of  water  (C3N303H3  +  2H20)  in  large  rhombic  prisms.  It  is  solub 
in  40  parts  of  cold  water,  and  easily  soluble  in  hot  water  an  a  ' 
When  boiled  with  acids  it  decomposes  into  carbonic  aci  an  a  * 

When  distilled  it  breaks  up  into  cyanic  acid.  PC15  converts 

tricyanogen  chloride.  .  ,  .  ^  j:1im  cait 

Cyanuric  acid  is  tribasic.  A  characteristic  salt  is  t  e  ’ 

C3N303Na3. 

Normal  Cyanuric  Esters  are  formed  (1)  by  the  action  of 

cyanogen  chloride  upon  sodium  alcoholates.  „i^Knl»tes  with 

(2)  A  simpler  procedure  is  to  act  upon  the  sodium 
cyanuric  chloride  or  bromide  (B.  18,  3263  and  19*  20 
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(3)  The  normal  cyan  uric  esters  are  also  formed  by  the  action  of  alkvlk^^--  _ 
silver  cyanorate,  C,X,  OAg  „  at  ioo°.  '  :  Bpo“ 

Methyl  Cyanuric  Este^r  melts  at  1350  and  toils  at  263°. 

Ethyl  Cyanuric  Ester  melts  at  290  and  boils  unaltered” at  275®. 

The  normal  cyanuric  esters,  on  digesting  with  the  alkalies,  break  up  into  cvaaarie 
acid  and  alcohol.  They  combine  with  six  atoms  of  bromine.  PCI5  *  converts  them 
into  cyanuric  chloride.  Boiling  gradually  changes  them  to  isocyanur.c  esters.^ 

Partial  saponification  of  the  normal  cyanuric  esters  by  XaOH  or  Ba  OH  -  gives 
rise  to  normal  dialkyl  cyanuric  a rids ;  these,  when  heated,  rearrange  themseir^'into 
dialkyl  isocyanuric  acids  (B.  19,  2067) : 

Dimethyl  Cyanuric  Acid,  C,X,(0 .  CH, _  OH,  melts  at  160-1S00,  and  sud¬ 
denly  passes  into  dimethyl  isocyanuric  acid  (melting  at  222"  . 

Cyanuric  Triacetate,  C,X,  O .  C,H,0)^  melts  with  partial  decomporidoa  zs 
I7°c,  and  is  prepared  from  silver  cyan  urate  and  acetyl  chloride. 

Esters  of  Isocyanunc  Acid,  C^O,(  X .  CH,  ,,  Tricarbimide  esters,  are  iorrtsd 
together  with  the  tsocyanic  esters,  when  the  latter  are  prepared  by  the  disriZstkc  of 
KCXO  with  potassium  ethyl  cr  methyl  sulphate.  We  have  alreacv  spcien  of  thsr 
formation  as  a  result  of  the  molecular  transposition  of  the  cvanmic  esters.  Hence 
they  are  iormed  together  with  these,  or  appear  in  their  stead  in  energetic  reacDocs — 
c.  g.,  in  the  distillation  of  potassium  cyan  ate  with  ethvl  sulphates,  or  when  shrc 
cyanurate  is  acted  upon  by  alkyl  iodides  (see  above  /  Thev  are  solid  crystahbe 
brdies,  soluble  in  water,  alcohol /and  ether,  and  may  be  distilled  without  decoc;o- 
They  pass  into  primary  aiaires  and  potassium  carbonate  when  boiled  with 
alkalies,  similar  to  the  isccvanates  : 


C,Q,(X .  CH,),  +  6KOH  =  3CO^  -f-  3XH, .  CH,- 

Methyl  Isocyanuric  Ester.  Methyl  Tricarbimide,  C.O.X .  CH,  u,  melts  a:  *75* 
and  boiis  undecomposed  ax  296°. 

Ethyi  Isocyanuric  Ester,  C^O,:  X  .CjH/l,,  melts  at  95=  and  bous  at  27°3-  h 
volatilizes  with 

Dialkyl  Isocyanuric  Esters,  or  Isocyanuric  DLalkv!  Esters,  see  chseh^ 
crmnunc  acid. 


halogen  compounds  of  cyanogen  and  their  polymeries. 

Tr.e  cyanogen  haloids  may  be  viewed  either  as  the  chloride,  bromide 
and  tociae  of  cyanic  acid,  or  as  the  nitriles  of  chlor-,  brom-,  or  iodo- 
caroonic  acids  which  cannot  exist : 


(a .  COOH) 
CbknartHeic  Acid 


a.coxH, 

L  m.  Cblande 


ac  =  x 

Cviaogei  Chjorh- 


-  v  ^  umaode  Cvaacgea  Chjor  -~ 

aCdon  of  the  upon  metallic 

”  "pjn  P^ssic  ac:d  The  chloride  a^ 

&  0nude  ““  ““dense  to  tncvanides.  in  which  we  assume  the  presecct 

ct  thetricvanogengronp,C^-1=~|=^~^-  ithe  of  cr 

anmic  acid.  I 


Cyanogen  Chloride  CYfl  ~  . 

hydrocyanic  add  or  crc/  _  FCOCaced  by  acting  with  chlorine  uro” 

It  is  a  motile  Si-'" 
chloride  <* 

cx  -  - 


tycrocynuc  add  or  mq.  *  //  *cnng  with  < 

-s».  S  IZTlf.f’l1' 

Fveevrooe.  With  —  ^P^sesinto  . 

NH-.  Alkkies dcomgae k  — CEa  chloride  and  cvanamkie 

--  -  «  au>  meta^c  eyases  and  isocyauate/ 


1XUK3  VFJSC jrjTSTLfi  'Jf  €T AZL'jZTS 


—  I 


tkmmfe*  C3 fee.  afctn^'  a:  5^  snu  aoun^  a:  is*,  i  mmamai  ar 
a  tiaf  i  vustwiiai.  -cysaadfc  nniaftw  erte  1*  drtc  to  ar-jnaat  r.>«-  2 

riss.  *  ' 

d  03fX,.  jua.aii*£  tr  xy5 .  *  iJiyic  toe-.:-  nig  n  ~r~  -y—  tot*  as^rilis- 

Th*  erwfowds  Ere  spar.  ugly  suafele  a:  wEier.  1st  -Vy  r^-r^ 
rtac  ira  ajcoaol  2^i  *dgr.  ix_*  -  Epic*  hart  i  ;oersLir  rAr 
pnvudtf  %2tl  Ezd  Jdi*  2*  y.Tirfi  yysrjiz- 

Cyszs-  jc  bEi/ia  r*  ootiercd  zz  ctjzzc  ai: Tbz  beaiec  t:± 

OlBL 


ZrizjTSXjzyz.  Ci^arxat.  £r*^wr*r  CLhr-.£e.  Suad  flfar  j  1  1  %.■■, 

oc— x  =  ca 

1  1  , 

5-oa  =  s 

*  fevdioe:  *i<a  dramc  tyxicia^  dis'jr&t  2*  itsur  i.  «2jei  raies.  I'  tie  zrl-rzisrsx.- 
Hm  *t  azKfa.  —  I  ^  '5  C-  s»  xc«t:  C-  x*»r.  l  xii  I:  s  irse: 

&ib*zzs*  'jr  jt&rjzLsz  ^~t.  .-jrm*  gam,  as.  edasrea^  »a-~gr«ai  ci  CXH,  cr  auto  aa<  inns 

i^arvrpauR  ataa  nywd  to  5ber_  Krr.ngfr  rL  xj_  I:  EaceES.  too,  n  tot 

asFzacirjtt.  'jf  rramarr.  sdc,  fZ/^JiSztitr  Tti  jcicsataans  ytrikrifjf  A  x:f.  55* 
i'  Beta  ac  la^  aara  ax*  2:  ix;  la  s  irx  rcr  sami  Jt  to  oeufi  bin  raa-y 

it  saymrx  sard  edser.  Waea.  ZKxhtri  Tito  "wtzsz  ar  t  f.t  is.  i  arsias  1a  isaa  -3  ara- 

'•i«3t  aara  crasstaa  atKt  «EL  x$,  R_  57-  .  _  _ 

Cyst&zsae  Eraeaa a*  djX;rc,_  is  araiaasra  :  araca  farcentTEtoeyE  is  tot  parse  as 
"X  £  Scale  urattoxie.  (2  O®  Warg  aae  gr  rjcruss  anctoiit  or  its  etotrsd  soitirifB 
t  J>aea  a xtjsi  to  13014a',  (3  £t  iezaa^  drj  Ttxir  cr  rsa  prssxt  cc  potts  1 

Tri  zx'xzi/t  sc  23d1  £.  i5.  2*>:-  cr  i  x  oEiiacaag  Kxr  co  aae  raert 
vj.'-j'x.  «f  C XBr  EL  zS,  5262  It  adB  tier*  53c =.  cit  2  robaae  c  azaer  asx- 

p^aaairrs-  '  _ 

CyTuric  lofide.  CX.L.  fe  nwitoi?  by  ale  aadac,  orfcycriodia  so:  ra-  c  rjia 
*x  'a  rtr/x.  Its  4.  asri  xvn.  So  n.  MV  r  joTier.  Aa  aoc-  x  j  am>-:  — 
a»ir/£ie  ^ra^o'^ti.  CX  L  E.  15.  R-  *??  ■ 


K;LPK”E  COICPOUJCOS  OF  CTAKOGEN.  THEZ2  ISO MEBZDES  A  SO 

POETMEEZO.ES- 

T->e  tniocrsnic  sods  are  1 


X  =  C— SH 

TirxTaaK  Aoc 

SlL^ClXT^ 


5  =  C  =  XH 


T  <ese  correspond  to  the  two  isomeric  cyanic  acids  (p.  4*6)-  ^ 

Ihe  known  thiocvacic  add  and  its  salts  (having  the  groop  -  - 

*re  comti tailed  according  to  the  first  formula.  _  Its  sai^  arc 
from  the  cyanides  by  the  addition  of  sulphur,  jus:  as  tpe  lr 
reRdt  by  the  absorption  of  oxygen-  The  dznerent  c.  - 

^  oxygen  in  this  instance  is  noteworthy : 


CXK  -|-  O  =  CO:  XK 


CXK  4-  S  =  CX .  SK. 


IsothiocarMmide,  CS:  XH,  and  its  salts  are  not 
(tne  ro  jffitard  oils)  do,  however,  exist  and  are  isomeric  wi 
«fipho<^ranic  acid. 
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Thiocyamc  Acid,  Sulphocyanic  Acid,  CN.  SH,  occurs  in  small 
quantities  in  the  human  stomach  (B.  28,  1318),  and  is  obtained  bv 
distilling  its  potassium  salt  with  dilute  sulphuric  acid,  or  decomposing 
the  mercury  salt  with  dry  H2S  or  HC1.  It  is  a  liquid  with  a  pene¬ 
trating  odor.  When  removed  from  a  cooling  mixture,  it  polymerizes  to 
a  yellow  amorphous  body,  giving  out  much  heat  at  the  same  time  (B. 
2°,  R.  317).  It  is  soluble  in  water  and  alcohol.  Its  solutions  react 
acid.  The  free  acid,  and  also  its  salts,  color  solutions  of  ferric  salts  a 
dark  red.  This  is  an  exceedingly  delicate  reaction,  which,  when 
CNSK  is  used,  is  based  on  the  formation  of  (CNS)6Fe2  -j-  9CNSK  (B. 
22,  2061).  It  is  this  reaction  which  has  given  the  name  rhodanides 
(from  podov,  rose),  to  sulphocyanides.  The  free  acid  decomposes 
readily,  especially  in  the  presence  of  strong  acids,  into  hydrogen 
cyanide  and  persulphocyanic  acid,  C2N2S3H2. 

The  alkali  thiocyanates ,  like  the  isocyanates,  are  obtained  by  fusing 
the  cyanides  with  sulphur. 

Potassium  Thiocyanate ,  CN .  SK,  sulphocyanate  of  potash,  crystal¬ 
lizes  from  alcohol  in  long,  colorless  prisms,  which  deliquesce  in  the 
air.  The  sodium  salt  is  very  deliquescent,  and  occurs  in  the  saliva 
and  urine  of  different  animals. 


Ammonium  Thiocyanate ,  CN .  S .  NH4,  is  formed  on  heating  prussic  acid  with 
yellow  ammonium  sulphide,  or  a  solution  of  ammonium  cyanide  with  sulphur.  It  is 
most  readily  obtained  by  heating  CS2  with  alcoholic  ammonia : 

CS2  +  4NH3  =  CN .  S  .  NH4  +  (NH4)2S. 

The  salt  crystallizes  in  prisms,  which  readily  dissolve  in  water  and  alcohol.  It 
melts  at  I5°°>  and  at  1 70-180°  molecular  transposition  into  thiourea  occurs  (similar 
to  ammonium  cyanate,  p.  397). 

I  he  salts  of  the  heavy  metals  are  mostly  insoluble.  The  mercury  salt,  (CN  •  S)i* 
f’  ls  agray.  amorphous  precipitate,  which  bums  on  ignition  and  swells  up  strong  ) 

( Pharaoh’ s  serpents).  The  silver  salt,  CNSAg,  is  a  precipitate  similar  to  silver 

cr  or,  e"  The  volumetric  method  of  Volhard  is  based  on  its  production  (A.  I9°>  *)' 
Lead  sulph ocya aide,  (CNS)2Fb. 

.  Cyanogen  Sulphide,  (CN)2S,  is  formed  when  cyanogen  iodide  in  ethereal  solu 
tion  acts  on  silver  thiocyanate.  ' 

Cyanogen  sulphide  forms  rhombic  plates,  melting  at  65°  and  subliming  at  3°°' 
It  dissolves  in  water,  alcohol  and  ether. 

Addition  :  Persulphocyanic  Acid ,  Xanthane  Hydride  C„N  H,S„  consists  of  yeh°w 
suiphoc%SanklegfT  r ‘r  nWater‘  lt  is  a  decomposition  product  of  hydrogen 
C2N2H2S2  (A.  179!  204) h  2  38’  368)‘  Alkalies  change  it  to  dithiocyanic  act  , 

sium  sulphoci^nkle^wklf  n  is  formed  in  the  oxidation  of  P°ja* 

insoluble in  wa ter^ ^IcohoJ1  and"  S?  "  CTh,°Hne-  I(  is  a  amorphous  powder, 

Kanarine  issimiS  fn.nH  uZ  •  ?  d!sso,ves  with  a  yellow  color  in  alkalies. 

obtained  from  KCNS  by  el  ectSy  sis ^r  b^^^r ‘ ‘ H  PseUflo  c>’an°gen  5°®!?*/*!.  17, 
R.  279,  522,  and  18,  R  676?  H  '  or  by  oxidation  with  KC103  and  HC1  (»■  lJ' 
does  not  require  a  mordant.  *S  aPP  ied  as  a  yellow  or  orange  dye  for  wool  a 

sulphuric  acid  ^n^concent rated  aou p *?  °1>tained  i1)  hY  distilling  organic  salts  of 
heating  with  alkyl  iodides  :  °US  so  utlon  with  potassium  sulphocyanide,  or  J 

cn.sk  +  c.h,i  =  cn.s.c,h5  +  ki. 


MUSTARD  OILS. 
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Further,  (2)  by  the  action  of  CNC1  upon  salts  of  the  mercaptans : 

C,H5 .  SK  +  CNC1  =  C2H5 .  S .  CN  +  KC1. 

Thev  are  liquids,  not  soluble  in  water,  and  possess  a  leek-like  odor.  Nascent 
hydrogen  (zinc  and  sulphuric  acid)  converts  them  into  hydrocyanic  acid  and  mer- 

captans : 

CN  .  S .  C2H5  +  H2  =  CNH  +  C2H5 .  SH. 

On  digesting  with  alcoholic  potash  the  reaction  is : 

CN .  S  .  C2H6  +  KOH  =  CN . SK  +  C2H5 .  OH. 

The  isomeric  mustard  oils  do  not  afford  any  potassium  sulphocyanate.  Boiling  nitric 
acid  oxidizes  them  to  alkylsulphonic  acids  with  separation  of  the  cyanogen  group. 
This  would  prove  that  the  alkyl  group  in  these  bodies  is  linked  directly  to  sulphur 
Methyl  Thiocyanic  Ester,  CN.S.CHs,  has  a  specific  gravity  1.088  at  o 
When  heated  to  180-185°  it  is  converted  into  the  isomeric  methyl-isothiocyani  • 
This  conversion  is  more  readily  effected  with  allyl  sulphocyamde  (see  allyl  mustard 

oil,  p.  425).  „ 

Ethyl  Thiocyanic  Ester,  CN .  S.  C2H5,  boils  at  142  . 

Isopropyl  Thiocyanic  Ester,  CN  .  S.  C3H7,  boils  at  152-15  j  •  ,  t 

Allyl  Thiocyanic  Ester,  CN.S.C,Hs>  boils  at  l6r°  and  rapidly  changes  to 

isomeric  allyl  mustard  oil,  CS  :N  .  C3II5. 

Ketone  and  Fatty  Acid  Sulphocy anides. -Mentis jnay  be 

made  in  this  connection  of  sulphocyanacetone,  an  su  t  ) 

Sulphocyan-acetone,  CN .  S .  CH2  .  CO  .  oil  ^ph 

barium  sulphocyanide  and  chloracetone  (p.  21  ).  ^  ^  somewhat 

scarcely  any  color.  Its  sp.  gr.  equa  s ,  (  >  The  alkali  car. 

soluble  in  water,  and  very  readily  soluble  in^ _ c _ 

bonates  rearrange  it  into  methyl-oxythiazole,  HC — S  °H  ^  5’ 

3648).  .  med 

Thiocyanacetic  Acid,  CNS .  CII2 .  C02H,  Sulp j^a^ck  ^il .  Its  ethyl  ester , 
by  the  action  of  chloracetic  acid  upon  kCrsb. 

from  chloracetic  ester,  boils  at  about  220°  C.  ...  5j  :t  takes  up  water,  loses 
On  boiling  the  latter  with  concentrated  hydrochloric  ac.d,  t 

111  ,  ,  ,  .  • .  CH2  S  \/->q  js  formed  (A.  249,  27). 

CO  —  NH  f  .h  interaction  of  ammo- 

These  heterocyclic  bodies,  derived  from  the  Pr0<  L'c  acids,  belong  to  the  class 
nium  sulphocyanide  with  a-chlorketones  and  a-chlor-fatty  acids, 

of  thiazoles . 

Mustard  Oils,  Esters  of  Isothiocyanic  Acid ,  Alkyl  Thtocarbitntdes. 

. ,  rQ.NH  not  known  in  a  free  con- 

The  esters  of  isothiocyanic  acid,  Ob .  ’  imnortant  represen ta- 

dition,  are  termed  mustard  oils,  from  t  ieir  n  -  ;nljde  derivatives, 
tive.  They  may  also  be  considered  as  sulph°ca  isonieric  alkyl 

They  are  produced  (.)  by  the  rearrangement  of 

su/fhocyanides  on  the  application  of  heat  (P-  4  ) 

.cs=nc8h6. 


CNS.  C3H5 
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(2)  By  mixing  carbon  disulphide  with  primarv  amines  in 
°f*  ^ette*'»  ethereal  solution.  By  evaporation  we  get  amine  ^  .  f 
aikyl  carbamic  acids  (B.  23,  282).  On  adding  silver  nitrate  'n^V-  - 
chloride  (B.  29,  R.  651,  or  ferric  chloride  (B.  8,  108,  to  the 
solution  of  these  salts,  formed  with  primary  amines,  and  then  h£S 
to  boiling,  the  metallic  compounds  first  precipitated  decompose*^ 

metallic  sulphides,  hydrogen  sulphide  and  mustard  oils,  winch  d  i  ' 
over  with  steam.  ' 


aCS<MHClH#  »xo*«  XHC,HS 

S .  N'H,(CjHj)  >  ^  SAg 


AfeS  +  H*S. 

Hofmann  s  mustard  o:l  test  for  the  detection  of  primary 
(p-  166;  is  based  on  this  behavior  (B.  1,  170). 

K.I^ne’  fon2“  ofls  from  the  amiae  salts  of  the  dfchkcstaxsde  adds. 

tcx  toe  jitad  is  small. 

(3)  By  distilling  the  dialkylic  thio-ureas  fsee  these)  with  phosphor 3 

J5»  985b  and  (4)  by  heating  the  isocyanic  esters  with 
*v»-  Io,  R.  72^. 

Properties.  The  mustard  oils  are  liquids,  almost  insoluble  in 
and  possess  a  very  penetrating  odor,  which  provokes  tears.  Tier  lei. 
at  temperatures  than  the  isomeric  thiocyanic  esters. 

.rf/* ^formations. )  \\  hen  heated  with  hydrochloric  acid  to  10c3, 

and  carbon  d£ik£;’  U‘*y  bWak  W  iMO  hydrogen  sulphide, 

CS:  N.CjH-  4-  2H,0  =  CO,  4-  SH,  -f  XH,.  C,HS. 

CCfc  ^Jn(.  -  - n  a  little  dilute  sulphuric  acid,  carbon  oxyrjifh&i 

bo£l,V  theamine-  (3)  When  heated' wit  hear- 

with  carhrn'  monoacjdyl  acid  amides  and  CO:r  :  4j 

(S  )  Nasc^Thv^11^^  diacid>1  abides  and  COS  (B.  26,  2648)- 

.hio-formaldehy^nd(pri^d^f^hIoric  “DTenS  ,J>®  “** 
CS:  X .  C,HS  +  2H,  =  CSH,  4- XH, .  QH-. 

fJcohol.to  Y; 

unite  with  ammonia  and  alplMnethaiies.  f 7  _r* 

these).  (8)  Unm  K^n;  *ID.es>  yielding  alkyhc  thio-urea^  ^ 
HgCl,,  a  substitution  tneil  alcoholic  solution  with  HgO 

esters  of  isocvanic  aid  °tFD  -OT  SalRhnr  occurs,  with  formad:'  °* 
with  water  fsee  n  7nft\  Ye^,n,n*diately  yield  tbe  dialkylic 

the  halogens  uponP the  mustard  A  285  *  *54,  for  tbe  acti°“  ' 

«  34'  and  bort*«  i ^fethyl  ^^J^oerairic  ester,  meAji  sdp^ 
Mes-^d  OHtS? 5?’  “.SYffY  *  giarer  1.019  c  c=.  Pr=f7: 

■  —*  °*  -TO'SSSSSSsisi,.*.. 


ALLTL  CC. 


Bssrl  JCaari  OB  %£s  a*  -f^- 
2M*.  K?^r:  ICtscsrd  >1  yxs  z  25?  1 

Mitcis-  Oil  vats  a  232*. 


i-Htrrl 

2;  i-  *51 
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-  --  ioIh  ir 
S3MBCT  3crr. 


Tvs  ««t  if  wtat  of  the  —fgard  ^5.^  cosmos  ,r— 

^ ^  -  Oil,  C*  :  X.  C-Hj.  A~~i.  lM&akc7mtciWB£  E-izer _ 

Tta  » *i*  prraczj&i  e »siae::  ot  <xizzjrj  —m  ■  f  >1  ^  3  ^ 
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CYANAMIDE  AND  THE  AMIDES  OF  CYANURIC  ACID. 

Cyanamide,  CN .  NH„  the  nitrile  of  carbamic  acid  absorb-  ♦ 
and  passes  into  urea,  the  amide  of  carbamic  acid.  It  mnifS ‘ 
reactions,  which  would  rather  point  to  its  being  NH  —  C  —  NH  a'n 
bodnm.de  A  definite  decision  as  to  which  of  .h^otafe: 
bilities  is  the  correct  one  cannot  be  given.  It  is  formed  rT\  t 
action  of  chlor-  or  brom-cyanogen  upon  an  ethereal  or  aqueous  sol^ 
tion  of  ammonia  (Bineau,  1838;  Cloez  and  Cannizzaro,  1851): 

CNC1  +  2NHs  =  CN .  NHj  +  NH4C1 ; 

chforid^oHlJd  thG  def1?hUriZing  °f  thiourea  b7  means  of  mercuric 
onde  or  lead  peroxide  (mercuric  oxide  is  preferable)  (B.  18,  461): 

CS<NH,  +  Hg°  =  CNjH,  +  HgS  +  H,0. 

(3)  By  mixing  urea  with  thionyl  chloride : 

CO(NH2)a  -f  S0C12  ==  CNaH„  4-  S02  +  2HCI. 

and  meUin^0^^®  Cr^sfta/s>  easily  soluble  in  water,  alcohol,  and  ether, 

Scyr-t;^e4o(meili„\T^t  fpolymerrs 

these  are  j  line).  It  forms  salts  with  strong  acids,  but 

An^onlcT,^!  by  wat"'  .  11  also  forms  salts  with  metals. 

tate,  CNjAg,,  from  its  solJt1ons°  U“°n  thr0WS  d°"n  a  yel‘0W  P"*'1"' 

acid,  it  absorbT  wateV  fnd''h  aCtlon  of  sulphnric  acid  or  hydrochloric 
thio-urea,  and  ( -i)  NH  int  becomes  urea.  (2)  HaS  converts  it  i»t0 

idinesare  produced  unon°intail!dl”e  ^P‘  41 T)’  while  substituted  guan- 
amines.  ^  roducing  the  hydrochlorides  of  primary 

Alky  he  Cyanamides  are  obtained  k.  i  a** 
amines  in  ethereal  solution  •  (2\  j,v  1  ^  etting  cyanogen  chloride  act  upon  primary 

curie  oxide  and  water.  ’  '  ^  eating  the  corresponding  thio  ureas  with  mer- 

M ethyl  Cyanamide,  CN  Hrrrr  \  •, 

Tnto  n^StalliZable>  thick  s>™ps  with  neut'rnl  Ethyl  Cyanamide,  CNaH(CaH6).  are 
into  pdymenc  .somelami„e  derivatives  reacUon-  They  are  readily  converted 

Allyl  Cyanamide,  CN.  H(C  h\  „ 

1  aP/ff'r  an4  PoJymerizesVeadilTintr,  is  obtained  from  allylthiourea. 

.  D'«lbhc  Cyanamides — Diethvlr  °  tna»ylmelamine  (see  below) 

— S/  ST'lver  cyanamide  (whidf^he1”^6’  ?N  '  N(C»k)*.  >s  prepared  bv  the 
it  into  CO  Nil1  ,S  aJI3“id'  boil'ng  at  186-100°^’  pas,.the  formula  CN  .  NAgs)  and 
Another’  didkylif  c  .yIami,ne-.  NfI(C2IT  )' .  B°"ng  hydr°chloric  acid  reS°1VCS 
boding  at  ,77.  and  obtainedfrom  C  (  =  N  .  C,H7)r 

*9)*  ym>  d,Propylth.ourea  by  means  of  HgO  (B.  26, 


AMIDES  OF  CYANURIC  ACID. 


427 


AMIDES  OF  CYANURIC  ACID  AND  IMIDES  OF  ISOCYANURIC  ACID 

Three  amides  are  derived  from  cyanuric  acid,  and  three  imides  from  hypothetical 
isocyanunc  acid,  the  pseudo-  form  of  cyanic  acid :  jpwueucai 


OH 

A 

N  N 


/ 


HO.C 


A 


V* 


O.H  HO 


N 

i 


NH, 

4 


A* 

A 


NH, 

/% 

N  N 


NIL 


Normal  Cyanuric 
Acid 

O 

II 

/c\ 

HN  NH 


AA 

Cyanurmonamide, 

Ammelide 

NH 

A 

HN  NH 


OH  HO.C 


L 


NH. 


N 

H,N.C 


N 

C.NH, 


OC 


CO  OC  O 


O 


AA 

H 

Isocyan  uric 
Acid 


Cyanurdiamide, 

Ammeline 

NH 

11 

/c\ 

HN  NH 

od  1 


V* 

Cyanurtriamide, 

Melamine. 

NH 

11 

/A 

HN  NH 


C:NH  HN: 


AA 

H 


H 


Isocyanurmonamide,  Isocyanurdiimide, 


Melanuric  Acid 


Isoamineline 


:C  (!:NH 

AA 

H 

Isocyanurtriimide, 

Isomelamine. 


Melamine,  CjNj(NH2^s  (see  above),  Cyanuramide,  is  obtained  as  sulpho- 
cyanide  by:  (1)  The  rapid  heating  of  ammonium  sulphocyanide  (together  with 
rnelam  and  melem).  (2)  The  polymerization  of  cyanamide  or  dicyandiamide  on 
heating  to  150°  (together  with  rnelam) ;  (3)  by  heating  methyl  trithiocyanuric  ester 
to  180 0  with  concentrated  ammonia;  and  (4)  by  heating  cyanuric  chloride  to  ioo° 
with  concentrated  ammonia  (B.  18,  2765) : 

C3N3CI3  +  6NH3  =  C3NS(NH2)3  +  3NH4C1. 

Melamine  is  nearly  insoluble  in  alcohol  and  ether.  It  crystallizes  from  hot  water 
in  shining  monoclinic  prisms.  It  sublimes  on  heating  and  decomposes  into  melani 
and  NH3.  It  forms  crystalline  salts  with  I  equivalent  of  acid. 

On  boiling  with  alkalies  or  acids  melamine  splits  off  ammonia  and  passes  suc¬ 
cessively  into  ammeline ,  CSH,N50  =  CSN3(NH2)2 .  OH  (a  white  powder  insoluble 
in  water,  but  soluble  in  alkalies  and  mineral  acids)  (B.  21,  R.  7S9) ; ammein  e, 
C3H4N402  =  C3N3(NH2)(OH)2,  a  white  powder  that  forms  salts  with  both  acids  and 
bases,  and  finally  cyanuric  acid,  C3N3(OH)3  (B.  19,  R.  341)*  Potassium  cvana 
is  directly  formed  by  fusing  melamine  with  KOH.  * 

Melanurenic  Acid,  C,H4N402,  from  rnelam  and  mele,m/P/n428^  p  or  it 

with  concentrated  H2S04,  is  probably  identical  with  ammelide  (b.  19.  34*D  0 

is  the  isomeric  isocyanurimide  (B.  18,  3106). 

Alkyl  Derivatives  of  the  Melamines. 

.  While  melamine  is  only  known  in  one  form  as  cyanurtri^ide,  twose^^^ 
isomeric  alkyl  derivatives  exist — obtained  from  normal  me  amine 

isomelamine : 


(I)  CSN,(NHR/)S  and  CSH?(NR'2),.  (2) 

Normal  Alkylmelamines 


C,NsH,(NR')r 

Isoalkylmelamines. 
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These  are  distinguished  from  each  other  not  only  in  the  manner  of  their  prepara¬ 
tion,  but  also  in  their  transpositions. 

(i)  Normal  Alkylmelamines  are  obtained  from  the  trithiocyanuric  esters,  C  N  - 
(S .  CH3)s,  and  from  cyanuric  chloride,  C3N3C13,  upon  heating  with  primary  3and 

secondary  amines  (B.  18,  R.  498):  C3N3C13  +  3NH(CH3)2  =  C3N3  (  \ 

+  3HCI.  Heating  with  concentrated  hydrochloric  acid  causes  them  to  split  up  into 
cyanuric  acid  and  the  constituent  alkylamines. 

Trimethylmelamine,  C3NS(NH .  CH3)3,  dissolves  readily  in  water,  alcohol  and 
ether  It  melts  at  130°.  Triethylmelamine,  C3N3(NH .  C2H5)3,  crystallizes  in 
needles  and  melts  at  740  C. 

Hexamethylmelamine,  C3N3[N(CH3)2]3,  consists  of  needles,  melting  at  I7I°C. 
Hexaethylmelamine,  C3H3[N(C2H6)2]3,  is  a  liquid,  and  is  decomposed  by  hydro¬ 
chloric  acid  into  cyanuric  acid  and  3  molecules  of  diethylamine. 

^,^y^somelamines  are  formed  by  the  polymerization  of  the  alkylcyan- 
amides,  LN  .  MIR',  upon  evaporating  their  solutions  (obtained  from  the  alkylthio- 
ureas  on  warming  with  mercuric  oxide  and  water).  They  are  crystalline  bodies. 

chloride  (B6 1 8W27h84)ydr°Ch  0nC  ^  yield  cyanuric  esters  and  ammonium 
Trimethylisom elamine,  C3N3H3(N  .  CH3)3  +  3H20,  melts  at  1 790  when  anby- 
j  *  ®ubhmes  at  about  ioo°.  Triethylisomelamine,  C3N3II3(N  .  C2H5)3  + 
ff’,;5155  of  v.ery  solub1^  needles.  Consult  Hofmann,  B  18  3217  for  the 
phenyl  derivatives  of  the  mixed  melamines  (also  amide  and  im  de  bod  es). 


COMPLEX  CYANAMIDES. 

(KH)t"),  C.H.N  =  r(NH,)C,N, 

neat,  they  are  amorphous  white  substances  (B.  19,  R.  340). 


10.  DIBASIC  ACIDS,  DICARBOXYLIC  ACIDS. 

A.  PARAFFIN  DICARBOXYLIC  ACIDS,  OXALIC  ACID  SERIES, 

CnH2n_204,  CnH2n(C02H)2. 

fore  dibasic.  °Thev  rriff68  conta*n  two  carboxyl  groups,  and  are  there- 
cation  of  heat  denenri-^  VCry  maT ^kedly  from  each  other  on  the  appli- 
Oxalic  acid,  C02HP  CO  H  Ihef  ^  posi.tion  of  the  carboxyl  groups, 
on  heating  mostly  into  CO  CoT  *}iember  of  the  series>  breaks  dowlj 
formic  acid.  The  nature  of  g  1  "d  W?ter>  and  in  part  int0  C0*  and 
of  all  those  homologues  of  oxalic  ar^d  deco.mp1os,1tlon  is  characteristic 
attached  to  the  same  n>-B  acid,  in  which  the  two  carboxyls  are 

malonic  acid,  CH/CO  in  n  /5-dicarboxylic  acids,  e.g-, 

a  Iky  lie  malonic  acSb decomnole 'on  at*er.aC,d  a'!d  a"  ^  and  d" 
into  acetic  acid  (also  mono- and  dhli^-  ng  a*  the  0rdinaI7  Piessme 
ination  of  CO,.  Malonic  acid  ““  el"”‘ 

CH,<CO,'h  =  CH>-  CO,H  +  CO,. 

Malonic  Acid 


Acetic  Acid. 


FORMATION. 
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On  the  other  hand,  when  the  two  carboxyl  groups  are  attached  to 
adjacent  carbon  atoms,  as  in  ordinary  or  ethylene  succinic  acid, 
C02H  .  CH2 .  CH2 .  C02H,  and  in  the  alkylic  ethylene  succinic  acids, 
then  these  y-dicarboxylic  acids,  when  heated,  do  not  give  up  C02,  but 
part  with  water  and  pass  into  anhydrides ,  which  can  also  be  prepared 
in  other  ways,  whereas  the  anhydrides  of  the  malonic  acids  are  not 
known.  Ethylene  succinic  acid  is  the  type  of  these  acids  : 

CH2 .  COOH  CHa .  CO 

.  COOH  =  £h2  .  co>0  +  H2°‘ 

Ethylene  Succinic  Succinic  Anhydride. 

Acid 


Glutaric  acid,  or  normal  pyrotartaric  acid,  C02H .  CH2 .  CH2 .  CH2  .- 
C02H,  in  which  the  two  carboxyl  groups  are  attached  to  two  carbon 
atoms,  separated  by  a  third,  behaves  in  this  manner.  Like  succinic 
acid,  it  yields  a  corresponding  anhydride  when  it  is  heated.  All 
acids,  which  can  be  regarded  as  alkylic  glutaric  acids,  conduct  them¬ 
selves  analogously : 


CH  <rCH»  •  C02H  _  rn  ^CH2  •  co\n  1  ho 
2<CH2 .  C02H  —  CII2<CH.2 .  co>°  +  u*° 


Glutaric  Acid 


Glutaric  Anhydride. 


Vhen  the  carbon  atoms,  carrying  the  carboxyl  groups,  are  separated 
y  two  carbon  atoms  from  each  other, — e.  g.,  adipic  acid,  C02H  . - 

.V  •  ^H2  •  CH2  •  C02H, — they  do  not  influence  one  another 
on  the  application  of  heat. 

diff  leie^ore’  ^le  numerous  paraffin  di carboxylic  acids  are  arranged  in 
erent  groups,  and  after  oxalic  acid  the  malonic  acid  group,  the 
Thp'niC  ifC^  Sr°up>  and  the  glutaric  acid  group  will  be  discussed, 
not  h  P  ■  °W  ac*ipic  acid,  suberic  acid,  sebacic  acid  and  others 
Je  ongmg  to  any  one  of  the  three  acid  groups  mentioned  above. 
TrT_The  most  important  general  methods  are — 

G'l  dial  j 10n  (a)  diprimary  glycols,  (<£)  primary  oxyaldehydes, 

enydes,  (a)  primary  oxyacids,  and  (<r)  aldehyde  acids  (p.  363)  : 


CHS .  OH 

ch2  .  oh' 

Glycol 


^COOH 

iH,OH 


CHO 

£hO 


C02H 


co2h 


t  l  ^  * 

COH  CO..H 


Glycollic  Acid 


Glyoxal  Glyoxylic  Acid  Oxalic  Acid. 

of  the  o,riC  Pds  ,are  a^so  formed  when  the  fatty  acids  and  the  acids 
Certain  b  C/Cld  !er*es>  as  weU  as  the  fats,  are  oxidized  by  nitric  acid, 
acids  by  thp1"00-  ' °nS’  ^  “^2nj  have  also  been  converted  into  dil 

(2)  Bv  th  act!on  P*  potassium  permanganate. 

e  reduction  of  unsaturated  dicarboxylic  acids : 


dibasic 


CH.COjH  CHj .  co2h 

CH.CO,H  +  CHa.CO,H 

umaric  Acid  Ethylene  Succinic  Acid. 
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reduce'Ihen  oxydicarbox>rlic  acids  and  halogen  dicarboxylic  acids  are 

of  Formation- These  are  very  numerous 

bromo-ItuyacTds:  P°Wder  f°™  (B'  *'  ?20)  3CtS  Upon 

21 .  CH2 .  CH2 .  C02H  +  2Ag  =  7**  •  CH2  •  C0*H  .  2AeI 
...  .  .  CH2  .  CH,  rn-n-T 

P-Iodopropiomc  Acid  - 


Adipic  Acid. 


co2h 


re£tioSn ' ^aric  acids  for  the  abnormal  course  of  this 
reaction  when  a-bromisobutyric  acid  is  used. 

der?vativinVerH°in  °v  mo?ohal°gen  substituted  fatty  acids  into  cyan- 
denvaUYe5,  and  boiling  the  latter  with  alkalies  or  acids  (pp.  240  and 


CH2 .  CN 


io'.  OH  +  2H’°  =  CH><co  h  +  NH* 

_ a  •  1  v_W9ll 


Cyanacetic  Acid 


Malonic  Acid. 


C  intnnrS'°li  ^°Sen  addition  products  of  the  alkylens, 

<~nH.in,  into  cyanides  and  the  saponification  of  the  latter  : 

ch2.cn  ch2.co2h 

Ah,.CN  +  4H^°  =  ^  — 


cii2  .  co2ii 


to 


two  different  carboti  £™lIucts  fiaving  their  halogen  atoms  attached 
(6)  In  the "vnl  w  T  beconvcrtedi»to  dicyanides. 
of  the  first  importance  t°  *  m01?°‘  anc*  dialkylic  malonic  acids  it  is 

of  the  malonic  acid  in  i^e  f 06  l  ,ie  hydrogen  atoms  of  the  CH2  group 
the  case  of  acetoacetic  e^^w^  n  kyl  Sr.ouPs»  just  as  was  done  m 

fully  developed  in  the  mil  react>on  will  be  more 

Rxr  fi  ,  the  malonic  acid  group  fn.  ato'i 

potassium  salts  ofthe  !r  *  i?f  C,°ncentrated  solutions  of  alkyl  ether 
carboxylic  acids  (pp.  76°^ 83  °2 43)C  &C^S  (see  e^ectrolysis  of  the  mono- 


2  '  C°2 '  CjH5  ,  aH  ch2.  C02 .  C2H5 

Elhyl  *  ~  U  ■  CO..C.H.  +  2CO-  +  2K0H  +  2H- 
Malonate  Succinic  Diethyl 

Ester. 


founded  upon  the  transnnciV  °J  tke  s.vnthesis  of  dibasic  acids  is 
are  introduced  into  the  L..,1011  °J  acetoacetic  esters.  Acid  residues 
centrated  alkali  solutions  (n*  3-\  tke  Pr°ducts  decomposed  by  con- 
get  malonic  acid  :  ^  3 75)*  1  hus,  from  acetomalonic  ester  we 

CHS .  CO .  CH^CO*  •  CjH.  .  ee  tj- 

A  .  ^c0..c!h ^yields  CH2<~°*“; 

AcetomalonicEst«  *  5  ,  .COtH  ’ 

Malonic  Acid, 
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and  from  acetosuccinic  ester,  succinic  acid  : 

CHJ.CO.CH/CH,'CO’'C,Hi  yields  <fH* '  t0>H 
xCO,.C,H5  ■  CH, .  COjH 

Acetosuccinic  Ester  Succinic  Acid. 

(9)  Tricarboxylic  acids,  containing  two  carboxvl  groups  attached  to 
the  same  C-atom,  split  off  CO,  and  yield  the  dibasic  acid.  Ethane 
tricarboxylic  acid  yields  succinic  acid. 

Isomerism. — The  possible  structural  isomerides  of  the  dicarboxvlic 
acids  depend  upon  whether  the  two  COOH  groups  are  attached  tr 
two  different  carbon  atoms  or  to  a  single  carbon  atom.  Isomerides  of 
the  first  two  members  of  the  series — 

CO.H  CO,  H 

^  CO,H  ‘2  CH,<CO,H 

Oxalic  Acid  Malonic  Acid 

are  not  possible.  For  the  third  member  two  structural  cases  exist : 


CH, .  CO,H 
^  CH, .  CO,H 

Ethylene  Dicarboxvlic  Acid, 
Succinic  Add 


CO.H 

“d  c«.  •«<„;»• 

Ethidene  Dicarboxvlic  Add, 
Isosuccinic  Acid. 


CO  H 

There  are  four  possible  isomerides  with  the  formula  C,H,<^-q*h. 
etc. ;  all  are  known  : 


CH, .  CO,H 
(4)  CH, 

CH, .  CO,H 

Glutaric  Acid, 
n-Pyrotartaric  Acid 


CH, .  CO,H 
CH .  CO,H 

<^H, 

Ord.  Pyrotartaric 
Acid 


CH(CO,H), 

CH, 

CH, 

Ethyl  malonic 
'  Add 


CH3 

^CO.H), 

CH, 

Dimethyl  malonic 
Acid. 


n-Pyrotartaric  Acid  Acid  Add  Acid. 

(5)  The  fifth  member  of  the  series,  the  acid  C«Hg(CO,H  r.as  n.ne 
possible  isomerides ;  all  are  known  : 

(a)  Adipic  acid— CO,H[CH,],CO,H. 

( P )  *-  and  /S-Methyl  glutaric  acid.  .  .  - , 

(d  Sym.  and  unsym.  dimethyl  succinic  acid,  ethjl  succinic  ac. 

( d )  Propyl-,  isopropyl-,  and  methyl-ethyl  malonic  ac.^. 

(6)  There  are  twenty-four  imaginable  isomerides  o.  13 

member— the  acids  C5H10(CO,H),  (A.  292,  134)-  rhn_vlic 

Nomenclature  (p.  57).— While  the  names  of  the  older  di car ^ 
— e-  g,  oxalic,  malonic,  succinic,  etc.  recall  t  e  oc  . .  wjjich 
the  methods  of  making  these  acids,  the  names  o  0  ,  from 

have  been  synthetically  prepared  from  malonic  esters  ar  fhe 

malonic  acid,  e.  g.,  methyl  malonic  acid,  derived  from 

names  of  the  alkyl-ethylene  succinic  acids,  etc.,  ha\ e 
ethylene  succinic  acid.  ,  /x,  thp  mono-car- 

The  “Geneva  names”  are  deduced,  like  those  oxa\\c  acid  = 
hoxylic  acids,  from  the  corresponding  hydrocar 
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[Ethan-diacid]  ;  malonic  acid  =  [Propan-diacid] ;  ethylene  succinic 
acid  =  [Butan-diacid].  The  bivalent  residues  linked  to  the  two  hy¬ 
droxyls  are  called  the  radicals  of  the  dicarboxylic  acids — e.  g., 
CO  .  CO,  oxalyl ;  CO  .  CH2 .  CO,  malonyl ,  and  CO  .  CH2 .  CH2 .  CO, 
succinyl.  The  melting  points  of  the  normal  dicarboxylic  acids  exhibit 
great  regularity.  The  members  containing  an  even  number  of  carbon 
atoms  melt  higher  than  those  with  an  odd  number  (Baeyer,  p.  62). 

Derivatives  of  the  Dicarboxylic  Acids. — It  has  been  indi¬ 
cated  in  connection  with  the  monocarboxylic  acids  (p.  223)  what 
derivatives  of  an  acid  can  be  obtained  by  a  change  in  the  carboxyl 
group.  As  might  well  be  expected,  the  derivatives  of  the  dicarboxylic 
acids  are  exceedingly  more  numerous,  because  not  only  the  one  group, 
but  both  carboxyls  can  take  part  in  the  reaction.  The  heterocyclic 
derivatives  of  the  ethylene  succinic  and  glutaric  acid  groups  are 
particularly  noteworthy.  They  are  the  anhydrides  (p.  429)  and  the 

CH2.CO  .  . 

acid  imtdes,  e.  g.,  succinimide ,  ^  CO'>NH’  an<^  glutanmide , 

CH2<^2  •  £q>NH.  They  have  been  previously  mentioned. 

OXALIC  ACID  AND  ITS  DERIVATIVES. 

(1)  Oxalic  Acid,  [Ethan-diacid],  C204H2  (A cidumoxalicum),  occurs 
in  many  plants,  chiefly  as  potassium  salt  in  the  different  varieties  of 
Oxalis  and  Rumex.  The  calcium  salt  is  often  found  crystallized  in 
plant  cells ;  it  constitutes  the  chief  ingredient  of  certain  calculi.  The 
acid  may  be  prepared  artificially  (1)  by  oxidizing  many  carbon  com¬ 
pounds,  such  as  sugar,  starch  and  others,  with  nitric  acid. 

Frequent  mention  has  been  made  of  its  formation  in  the  oxidation 
of  glycol,  glyoxal,  glycollic  acid  and  glyoxalic  acid  (pp.  295,  429)- 

(2)  From  cellulose :  by  fusing  sawdust  with  caustic  potash  in  iron  pans 

at  200—220°.  1  he  fusion  is  extracted  with  water,  precipitated  as  cal¬ 

cium  oxalate,  and  this  then  decomposed  by  sulphuric  acid  (technical 

(3)  It  is  formed  synthetically  by  ( a )  rapidly  heating  sodium  formate 
above  440°  (B.  15,  4507): 

CHO.ONa  CO.ONa 

CHO.ONa-i0.ONa+H,; 

by/?D°Xidizing  formic  acid  "-'th  nitric  acid  (B.  17,  9). 

(4)  B>  conducting  carbon  dioxide  over  metallic  sodium  heated  to 
350-360°  (A.  146,  140): 

2C02  +  Na*  =  C204Na2. 

.(5)  Up°n  treating  their  nitriles ,  cyancarbonic  ester  and  dicyanogen* 
with  hydrochloric  acid  or  water : 


CN 
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History.— In  the  very  beginning  of  the  seventeenth  century  salt  of  sorrel  was 
known,  and  was  considered  to  be  a  variety  of  argol.  Wiegleb  (1778)  recognized 
the  peculiarity  of  the  acid  contained  in  it.  Scheele  had  obtained  the  free  oxalic  acid 
as  early  as  177b  upon  oxidizing  sugar  with  nitric  acid,  and  showed  in  1784  that  it 
was  identical  with  the  acid  of  the  salt  of  sorrel.  Gay-Lussac  (1829)  discovered  that 
oxalic  acid  was  formed  by  fusing  cellulose,  sawdust,  sugar,  etc.,  with  caustic  potash. 
This  process  was  introduced  into  practical  manufacture  in  1856  by  Dale. 


Constitution. — Free  oxalic  acid  crystallizes  with  two  molecules  of 
water  of  crystallization.  The  crystallized  acid  is  probably  ortho-oxalic 
acid ,  C(OH)3 .  C(OH)3  (p.  224).  Ortho-esters  of  the  acid  C2(OR')6 
are  not  known,  but  esters  do  exist,  which  are  derived  from  the  non¬ 
isolated  half- ortho-oxalic  acid ,  C(OH)3 .  C02H. 

Properties  a?id  Transformations. — Oxalic  acid  crystallizes  in  mono¬ 
clinic  prisms,  which  effloresce  at  20°  in  dry  air.  Large  quantities  of 
the  acid,  introduced  into  the  system,  are  poisonous.  It  is  soluble  in 
9  parts  of  water  of  medium  temperature,  and  quite  easily  in  alcohol. 
The  hydrated  acid  melts  at  ioi°  if  rapidly  heated,  and  the  anhydrous 
at  189°  (B.  21,  1901).  Anhydrous  oxalic  acid  crystallizes  from  concen¬ 
trated  sulphuric  and  nitric  acid  (B.  27,  R.  80),  and  will  serve  as  a  con¬ 
densation  agent  for  the  splitting  off  of  water  (B.  17,  1078).  When 
carefully  heated  to  150°  the  anhydrous  acid  sublimes  undecomposed. 
(1)  Rapidly  heated  it  decomposes  into  formic  acid  and  carbon  dioxide 
and  also  into  C02,  CO  and  water : 

C2H20,  =  CH202  +  C02 ;  C2H402  =  C02  +  CO  +  H20. 

(2)  An  aqueous  oxalic  acid  solution  under  the  influence  of  light  decomposes  into 
C02,  H20,  and  with  sufficient  oxygen  access,  H202  (B.  27,  R.  490’ 

(3)  Oxalic  acid  decomposes  into  carbonate  and  hydrogen  by  fusion 
with  alkalies  or  soda-lime  : 


C204K2  +  2KOH  =  2C03K2  +  H2. 

(4)  Heated  with  concentrated  sulphuric  acid  it  yields  carbon  monox¬ 
ide,  dioxide  and  water.  .  .  .  ii*  • j 

(5)  Nascent  hydrogen  (Zn  and  H2S04)  converts  it  into  g } c0  10  j 

(6)  Concentrated  nitric  acid  slowly  oxidizes  oxalic  act  o  * 
water.  However,  permanganate  of  potash  in  acid  so  u  ion 
oxidizes  it.  This  reaction  is  used  in  volumetric  analysis. 

(7)  PC15  changes  oxalic  acid  to  POCl3,  C02,  CO,  an  2  •  , 

also  been  possible  to  replace  2 Cl  by  O  in  certain  organic  QX_ 

upon  using  anhydrous  oxalic  acid  (p.  446)-  SbCl5,  tow  >  \ 

alic  acid  yield  the  compound  (COOSbCl4)2  (A.  239*  a  ’  $  ’ 

The  oxalates,  excepting  those  with  the  alkali  metals,  are.aVV°^ .'water.  The  acid 

The  neutral  potassium  salt ,  C204K.  -f-  H20,  is  very  so  u  .  .  cf  plants  (of 
»aU,  Cj04HK,  dissolves  with  more  difficulty,  and  occurs  m  the  ^ 

Oxalis  and  Rutnex).  Potassium  quadroxalate,  C >4K  •  4 0r2  shining,  rhombic 

Neutral  Ammonium  Oxalate,  C204(NH4)2  +  2  *  ,  ,  Isi  1394).  The 

prisms,  which  occur  in  left  and  right-hemihedi a  crys  <  serves  for  the 

calcium  oxalate,  C204Ca  +  H20,  is  insoluble  in  acetic  acid, 
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detection  of  calcium  and  of  oxalic  acid,  both  of  which  are  determined  quantita 
tively  in  this  form.  The  silver  salt ,  C,04Ag2,  explodes  when  quickly  heated. 

Oxalic  Esters. — The  acid  and  neutral  esters  of  oxalic  acid  are  formed  simultane¬ 
ously  when  anhydrous  oxalic  acid  is  heated  with  alcohols.  They  are  separated  by 
distillation  under  reduced  pressure  (Anschutz,  A.  254,  1).  ^ 

CO  C  H  J 

Free  Ethyl  Oxalic  Acid,  ^  *h*  \  boils  undecomposed  at  1170  under  15  mm. 

pressure.  Its  sp.  gr.  at  20°  equals  1. 2175.  Norm .  Propyl  Oxalic  Acid,  C02 .  C,H  .  - 
C02H,  boils  at  Ii8°  (13  mm.).  Preserved  in  sealed  tubes,  the  alkylic  oxalic  adds 
decompose  into  anhydrous  oxalic  acid,  and  the  neutral  esters.  Distilled  at  the 
ordinary  temperature,  they  break  down  mainly  into  oxalic  ester,  C02,  CO  and  H  0 
and  in  part  to  C02  and  formic  esters.  2  ’ 

Oxalic  Methyl  Ester,  C202(0.  CH3)2,  melts  at  540  and  distils  at  163°, 

Oxalic  Ethyl  Ester  boils  at  1860,  and  is  formed  upon  heating  oxomalonic  ester 
u  1  *3°4)*  See  p.  385  for  its  conversion  into  carbonic  ester.  Oxalic  ester,  under 
the  influence  of  sodium  ethylate,  condenses  with  acetic  ester  to  oxalacetic  ester, 
S°AH, .  CO  .  CH2  .  C02 .  C2H5,  and  with  acetone  to  acetone  oxalic  ester  (compare 
chelidomc  acid ).  Zinc  and  alkyl  iodides  convert  the  oxalic  ester  into  dialkyl  oxalic 

COOCH 

esters  (p.  33).  Ethylene  Oxalic  .Erfier,^  melts  at  1430  and  boils  at  1970 

(9  mm.)  (B.  27,  2941).  3 

Half-ortho-oxalic  Acid  Derivatives.—  Dichloroxalic  Esters  :  When  PC15  acts 
upon  t  le  neutral  oxalic  esters,  one  of  the  doubly-linked  oxygen  atoms  is  replaced  by 


CO.O.C2H5 

CO  .  o .  c2h5 


+  PC15  = 


CC120  .  C2II5 

c:o .  o .  c2h5 


+  POClj. 


Pj°duCtS  are  called  dichloroxalic  esters  (B.  28,  61  Anm.l  When  frac- 
Ltfr  dl2ll  Tfl  redvCed  Pressure>  they  can  be  separated  from  unaltered  oxalic 
and  alkylic  oialkacid'chfoS^fwiw)*5'  d'CO”[,ose  lnto  alkJ'1  Cb‘°rid'! 

sp  ET;  £CI>(°CH.) •  CO,CH„  boils  at  72°  (12  mtn.)i  its 

Profivl  Dichlorn r/i/'  V  ?ufhyl  Dichloroxalic  Ester  boils  at  85°  (10  mm.).  Di  n- 

with  s^fum  ^akohola^s^ln^ etherT°^UCe<^  ^  thS  transPosition  of  dichloroxalic  esters 


C°2C2H5.  CC12.  O.  C2II6  -f  2C2H5ONa  =  C02C2H5 . 0(0  .  C2H5)3  +  2NaCl. 

gr.  is  1.1312^ TelraelJivl^n  CO  ’  OCI*3»  hoils  at  76°  (12  mm.) ;  its  sp. 

Tki  -  u  j  tetraethyl  Oxalic  boils  at  o8°  O2  mm  WA 

CO  are  produced6  °‘ Ho^ef Ae  ch°o^d°WIf  to  PrePa’re  il  COf 

oxalyl  chloride,  are  known  ’  londes  of  the  alkylic  oxalic  acids,  and  probabl) 

sium^alkyUc  °5>,tained  by  the  action  of  POCls  upon  potas- 

under  the  ordinary  pressure  until  tl  actIcf  ty  Prepared  by  boiling  dichloroxalic  esters 
26).  They  show^the  r factions  of  ,  °f  the  a,M  chlorides  ceases  (A.  a*, 

carbons  and  A12CL  they  yield  ohenvl^f  ch,?ride  (P-  257).  With  benzene  hydro- 
1689;  29,  R.  511,  546)  y  glyoxyhc  esters  and  their  homologues  (B.  *4* 

Methyl  Oxalic  Chloride  OOP1  r*r\  pit  ,  r 

'•0°)  Ethyl  Oxalic  Chlorid^QCU  CO  llS~l2°°  5  SP*  1,33X6 


j  vsauuc  c/ uoriae  boils  at  i&i0  t*i  me  uoiib  ^ 

Oxalyl  Chloride,  C202CU?),  boils  at  70°  ?fev  are  Iicluids  with  a  penetrating  odoi 
It  is  said  to  be  formed  wh-n  twn  \  i  V  las  not  t>een  obtained  free  from  POt  1 
(CO.OC2II5)2  (B.  25,  R.  no)  molecules  of  phosphorus  oxychloride  act  upo: 
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Oxalic  acid  yields  two  amides :  oxamic  acid,  corresponding  to  ethyl 
oxalic  acid,  and  oxamide ,  corresponding  to  oxalic  ester.  Oximide  can 
be  included  with  these: 


COOCJL 

£ooh 

Ethyl  Oxalic 
Acid 


CO .  nh2 

CO.  OH 
Oxamic 
Acid 


COOC2H5 

COOC2Hs 

Oxalic 

Ester 


conh2 

£onh2 

Oxamide 


CO 

d:o>NH(?> 

Oximide. 


NH 

Oxamic  Acid,  C202<^qj_£2,  melts  at  2io°  with  decomposition.  Its  ammonium 

salt  (Balard,  1842)  is  produced  by  heating  acid  ammonium  oxalate;  by  boiling 
oxamide  with  ammonia,  and  by  boiling  oxamaethane  with  ammonia  (B.  19,  3229;  22, 
i5^9)*  It  is  a  crystalline  powder,  that  dissolves  with  difficulty  in  cold  water. 

Its  esters  result  from  the  action  of  alcoholic  or  dry  ammonia  upon  the  esters  of 
oxalic  acid : 

Ethyl  Oxamic  Ester  (Oxamaethane),  C202<q*^.  j_j  ,  consists  of  shining,  fatty- 

feeling  leaflets.  It  melts  at  114-1150  (Boullay  and  Dumas,  1828).  The  behavior 
of  oxamaethane  toward  PC15  is  important  theoretically,  because  at  first  it  yields 
oxa?nathane  chloride ,  Ethyl  Oxamine  Chloride  Ester,  a  derivative  of  half-ortho-oxalic 
acid.  This  splits  off  a  molecule  of  HC1  and  becomes  the  ethyl  ester  of  oximide 
chloride,  and  by  the  loss  of  a  second  molecule  of  HC1  passes  into  cyancarbonic  ester 
(Wallach,  A.  184,  1) : 


CO.O.C2H5  pci6 

co.nh2 

Oxamaethane 


CO  .  OC2H5  — HC1  ^  CO  .  OC2H5  — HC1  ^  COOC2H5 
^  (*C12NH2  ^  CC1  =  NH  ^  c  =  N 

Ethyl  Oxamine  Ethyl  Oxitnide  Cyancarbonic 

Chloride  Chloride  Ester. 


Oxamine  Ortho-trimethyl  Ether,  CONH2 .  C(0 .  CH3)3,  melting  at  1 150,  is  formed 
on  heating  half  ortho-oxalic  methyl  ester  with  anhydrous  methyl  alcoholic  ammonia. 
Methyl  Oxamic  Acid,  CONH(CH3) .  C02H,  melts  at  146°. 

Ethyloxamic  Acid,  C202<q^  '  ^ 1  f 5,  melts  at  120°. 

Ethyl  Dietho-oxamic  Ester ,  C202<q^^2  (Diethyloxamaethane),  boils  at  254°. 

It  is  produced  by  the  action  of  diethylamine  upon  oxalic  esters.  It  regenerates 
diethylamine  on  distilling  with  potash.  A  method  for  separating  the  amines  (p.  104; 
is  based  on  this  behavior. 

Oxanilic  Acid  (see  this). 

Oxalimide,  V^>NH  (?),  is  obtained  from  oxamic  acid  by  the  aid  of  PC15  or 
PCI3O  (B.  ig,  3229).  The  molecule  is  probably  twice  as  large. 


Oxamide,  C202(NH2)2,  separates  as  a  white,  crystalline  power, 
when  neutral  oxalic  ester  is  shaken  with  aqueous  ammonia  (1  17,  >au 
hof ).  It  is  insoluble  in  water  and  alcohol.  It  is  also  or”?e  , 
heating  ammonium  oxalate  (1830,  Dumas;  1834)  Liebig),  an 
water  and  a  trace  of  aldehyde  act  on  cyanogen,  U  «  0  p-Aj  , 
direct  union  of  hydrocyanic  acid  and  hydrogen  peioxi  e ^  2^  ^  ^ 


'-"'■'-i  uinuii  01  nvarocvanic  aciu  di.u  v. 1  looted 

H202  =  C202N2H4).  Oxamide  is  partially  sublimed  when  hea  , 
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greater  part,  however,  being  decomposed.  When  heated  to  200°  with 
water,  it  is  converted  into  ammonium  oxalate.  P,05  converts  it  into 

dicvanogen.  .  .  ......  ,  . 

The  substituted  oxamides  containing  alcohol  radicals  are  produced 
by  the  action  of  the  primary  amines  upon  the  oxalyl  esters — e.  g. : 


“  P  -210” 

Sym.  Dimethyl  Oxamide 


*  m*  P->  IiI°- 

Sym.  Diethyl  Oxamide. 


Tetramethyl  Oxamide,  [CON(CH,),]„  melting  at  Soc,  is  obtained  from  dimethyl 
u  ea  chloride  by  the  action  of  ammonia  (B.  28,  R.  234). 

See  also  Oxanilide ,  later.  ^  w 

PCl^  converts  these  alkyiic  oxamides  into  amide  chlorides,  which  lose  3HCI  and 
pass  into  glvoxaline  derivatives  (Wallach,  A.  184,  33 1  JaPP>  x5«  24201:  thus 
diethyl  oxamide  yields  chloroxalmethylin,  and  diethyl  oxiinide  yields  chloroxal- 
ethylin  : 


CONHCHj  aPCU  CClj . NH  . CHS  — aHCl  CC1NCHs_HCI  CH  — N(CHs) 
I  - M  - >1  - ^ll 


CO. NH.CHS 

Dimethyl 

Oxamide 


CC1, .  NHCH, 

Dimethyl 

Oxamide 

Tetrachloride 


CONCH, 

Dimethyl 

Oximide 

Dichloride 


CCl  —  N; 

Chloroxalmethylin. 


CONH .  NH, 

Hydrazide  and  Hydroxy  amide  of  Oxalic  Acid ,  OxalhyJ r azide ,  1^  » 

turns  brown  and  decomposes  at  2350.  It  is  produced  by  the  action  of  the  hydrazine 
hydrate  upon  oxalic  ester  (J.  pr  Ch.  [2]  51,  194). 

CONH.Oli  „  .  ^ 

Hydroxyl  Oxamide ,  1  ^  ,  melting  at  1 59°,  is  obtained  from  oxam^tnanc 

CONH, 

and  hydroxylamine.  A cetoxv /oxamide ,  NH,  .  CO  .  CO  .  NHO  .  CO  .  CH,,  melts  at 
I73°-  When  heated  with  acetic  anhydride  to  no°,  it  is  decomposed  into  cyan  uric 
acid  (p.  419),  and  acetic  acid  (A.  288,  314). 


NITRILES  OF  OXALIC  ACID. 

Two  nitriles  correspond  to  each  dicarboxylic  acid  :  a  nitrilic  acid, 
or  a  half-nitrile,  and  a  dinitrile.  The  nitrilic  acid  of  oxalic  acid  is 
cyancarbonic ,  cyanformic,  or  oxalnitrilic  acid.  It  is  only  known  in  it* 
esters.  Dicyanogen  is  the  dinitrile  of  oxalic  acid.  The  kinship  of 
these  nitriles  to  oxalic  acid  is  manifested  by  their  formation  from  the 
oxamic  esters  and  oxamide  through  the  elimination  of  water,  *tn<. 
their  conversion  into  oxalic  acid  by  the  absorption  of  water  and  the 
splitting-off  of  ammonia: 


COOC,Hs  — h.q  .  COOCjHj 

CONH,  61 

Oxaraxthane  Cyancarbonic  Ethyl  Ester 


CONH,  — aHjO  ,  CN 

6onh,  <:n 

Oxamide  Dicyanogeu. 


,,  C>A“n™rb°™  Esters,  Cyanformic  Esters,  Nitrilo-oxalic  Esters,  are  produced  m 
the  distillation  of  oxamic  esters  with  P5Os  or  PCI,  (p.  4351,  as  well  as  from  cyan- 
lmido-carbonic  ether.  Cyancarbonic  Alethvl  Ester,  CN  .  CO, .  CH,,  boils  at  100  . 
Cyancarbonic  Ethyl  Ester  boils  at  115°.  these  are  liquids  with  a  penetrating  odor. 
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They  are  insoluble  in  water,  which  slowly  decomposes  them  into  COt,  prussic  acid, 
and  alcohols.  Zinc  and  hydrochloric  acid  convert  them  into  glycocolt  (p.  354/ 
Concentrated  hydrochloric  acid  breaks  them  down  into  oxalic  acid ,  ammonium 
chloride,  and  alcohols.  Bromine  or  gaseous  HQ  at  IOO°  transforms  the  ethyl  ester 
into  a  polymeric,  crystalline  body,  melting  at  165°,  and  by  the  action  of  cold 
yielding  salts  of  paracyancarbonic  acid — e.g.,  (CN .  CO,Kjn. 


Cyanorthoformic  Ester ,  Triethoxy  acetonitrile.  Ortho  -  oxalnitrilic 
Ethyl  Ester,  CN .  C(OC,H5)„  boils  at  160°  (A.  229,  178). 

Trinitroacetonitrile,  CNC(NO,)„  melts  at  41. 50  and  explodes  at 
2200  (see  fulminuric  acid,  p.  238). 

Dicyanogen,  Oxalonitrile,  [Ethan  Dinitrile],  NC.  CN,  is  present 
in  small  quantity  in  the  gases  of  the  blast  furnace.  It  was  obtained 
in  1815  by  Gay-Lussac  by  the  ignition  of  mercury  cyanide.  The 
transposition  proceeds  more  readily  by  the  addition  of  mercuric 
chloride : 


Hg(CN,)  =  C,N,  +  Hg.  Hg(CN),  +  HgCl,  =  C,N,  +  HglCV 

Silver  and  gold  cyanides  deport  themselves  similarly.  Dicyanogen  is  most  readily 
prepared  from  potassium  cyanide.  To  this  end  the  concentrated  aqueous  solution 
of  1  part  KCN  is  gradually  added  to  2  parts  cupric  sulphate  in  4  parts  of  water.  ^  Heat 
is  then  applied.  At  first  a  yellow  precipitate  of  copper  cyanide,  Cu(CN),,  is  pro¬ 
duced,  but  it  immediately  breaks  up  into  cyanogen  gas  and  cuprous  cyanide,  CuCN 
(B.  18,  R.  32ip 

2S04Cu  +  4CNK  =  Cu,(CN),  +  (CN),  +  2S04K,. 

Its  preparation  from  ammonium  oxalate  and  oxamide,  through  the 
agency  of  heat,  is  of  theoretical  interest.  The  same  may  be  said  of 
its  formation  upon  passing  the  induction  spark  between  carbon  poin.a 

in  an  atmosphere  of  nitrogen  (1859,  Morren).  _ 

Cyanogen  is  a  colorless,  peculiar-smelling,  poisonous  gas.  t  ma\ 
be  condensed  to  a  mobile  liquid  by  cold  of — 250,  or  by  a  pressure  o 
five  atmospheres  at  ordinary  temperatures.  In  this  condition  it  as  ^ 
sp.  gr.  0.866,  solidifies  at  — 340  to  a  crystalline  mass,  and  boil s  at 
—210.  It  bums  with  a  bluish- purple  mantled  flame.  W ater  dissolves 
4  volumes  and  alcohol  23  volumes  of  the  gas. 

On  standing  the  solutions  become  dark  and  break  down  into  Ebod he 

wid  formate,  hydrogen  cyanide  and  urea,  and  at  the  same  rvanoeen  vields 

*xalled  azulmic  Icid,  C4HsNsO,  separates.  W ith  aqueous 

potassium  cyanide  and  isocyanate.  In  these  reactions  t  e  .  .  only  oxamide 

and  if  a  slight  quantity  of  aldehyde  be  present  in  the  aqueous  soluuon^only  ox  q  = 
results.  Oxalic  acid  is  produced  in  the  presence  of  minera  a  \  .  ^54). 

C*0«H,  -f  2NH,.  Concentrated  hydriodic  acid  COD^_.  'abstancei  paracyanogen,  a 

On  heating  mercuric  cyanide  there  remains  ad  .  a?ain  into  cyanogen, 

polymeric  mcxiification,  (C,N,)n.  Strong  igniuon  converts  it  again 

yields  potassium  cyan  ate  with  caustic  potash. 

^  ith  hydrogen  sulphide  cyanogen  yields  hydroflavic  acidy  CjSt  i  CS 
^d  hydrorubianic  acid,  C,N,.  2H,S.  These  two  compounds  may  be  considered 
thioamides. 
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Hydrorubianic  acid  dissolves  with  difficulty  in  chloroform,  from  which  hydroflavir 
acid  crystaHizes  in  yellow,  transparent,  flat  needles,  melting  with  decomposition  at 
S7-09  (A.  254,  202).  Hydrorubianic  acid  consists  of  yellow-red  needles.  Primarv 

bases  replace  the  amido-groups  by  alkylic  amido-groups  (A.  262,  354).  It  combined 
with  the  aldehydes  with  the  elimination  of  water  (B.  24,  1027). 

Diamido-oxal  ethers  result  from  the  action  of  ammonia  upon  dichloroxalic  esters 
They  have  not  yet  been  obtained  in  a  pure  condition.  Aniline  and  dichloroxalether 
in  cold  ethereal  solution  yield  Dianihdo-oxal  ether,  C02C2H5C(NHC6H.),0C,H,,  a 
thick  liquid  soluble  in  ether.  At  o°  hydrochloric  acid  precipitates  from  this  ethereal 
solution  the  dichlorhydrate,  C02C2H5C(NHC6H5  .  HC1)20  .  C2H5.  Mixed  diamido- 
etliers  can  be  obtained  by  allowing  anhydrous  ammonia  gas  to  act  upon  a  cooled, 
ethereal  solution  of  monophenylimido-oxalic  acid  dimethyl  ether.  In  this  way 
4mido-anilido-oxalic  methyl  ester ,  C02CH3 .  C(NH2)(NHC6H5)0 .  CH3,  is  obtained. 
ltmeUsat2IS  .  Imido-oxalic  Ethers  :  Monoimido-oxalic  Ether,  C02C2H5 .  C(:  NH)- 
,  2  s»  boiling  at  730  (18  mm.),  results  from  the  action  of  a  calculated  amount  of  ^ 
n-hydrochlonc  acid  upon  di  imido-oxalic  ether  (A.  288,  289).  Phenyl-imido-oxal- 
methyl  Ether,  C02CHs .  C(  =  N .  C6H5)0 .  CH3. 

Di-imido-oxal- Ether,  C2H50  .  (NH)C  —  C(NH)  .  OC2H5,  melts  at  250  andboilsat 
I/O  .  ts  hydrochloride  is  obtained  on  conducting  HC1  into  an  alcoholic  solution  of 
cyanogen  (B.  n,  1418)  (compare  pp.  232,  269). 

Oxalamidine  NH2(NH)C  —  C(NH)NH2,  results  from  the  action  of  alcoholic 
ammonia  upon  the  hydrochloride  of  oximido-ether  (B.  16,  1655). 

Carbohydrazidine,  Oxaldi-imide-dihydrazide,  HN:^-NH.NH2  .  flat 

nm1lM  .  -  .  ,  HN:C.NH.NH2 

r^cnlt!  f  “£  aSSUme  a/eddlsh-brown  color  on  heating  and  do  not  melt  at  250°.  It 

at  9 1  jf°7?m  her-uD1rn-i°f  Cyano2en  with  hydrazine.  Dibenzal carbohydraziaine  melts 
at  218  (J.  pr.  Ch.  [2]  50,  253).  J 

at  co°  7™  ^  carbomc  Ether,  Nitrilo-oxal-imido-ether,  CN .  C( :  NH)0 .  C2H5,  boiling 
?  d  mm.),  is  obtained  trom  chlorcyanogen  or  bromcyanogen,  water,  alcohol, 

'  oLSZtoZSZ, le>“7nasfr0m  4eou?  po.assium  cyanide  ind  «hyl  hypo- 
chlorite  (p.  148),  when  the  following  intermediate  products  probably  arise: 


KN :  C  +  C2H50C1 


KN :  C .  O .  C2H5  KN :  C .  OC2H5  H.,0  HN :  C .  OC2H5 

C1  C1C :  NK  ~ CN 

it  can  not  be  clearly  understood  &  K  •  N :  c  f°r  potassium  cyanide,  because 

carbonic  ether  isayeTlot[sS  wla!  formula  ^CN  (A.  287,  273)  Cyan-im.do- 
Chlorethylim idofo rm vl  /  at*  S.^eet  an(*  at  the  same  time  penetrating  odor. 

HS)C1,  f,o^cWo^4„Sth,K'0,*lf-?hy|-i,nide  eWoride.  CN.C(:NC,- 
Oxaldihydroxamic  AM.  rC-  INOmffi“ie  If  28?'  3°*>.  b°»s  «  I26°-  lv 
ester  and  hydroxylamine  (B  27  Un  ,U^!’  melting  at  165°,  results  from  oxalic 
Oxaldiamidoxime ,  [C(N .OH^NH  l  5)‘,  - 

formed  when  NH.OH  acts  fn  „L  l2-*s’  me  ts  with  decomposition  at  196°.  It  ,s 

(B.  a4.  SO,),  (3)1upon  hydioVnSo'S8^  (B'  22’  !*>•)•  <2)  „po„  cyananiline 
melts  at  2220  (B.  27,  R.  736).  Cld  (B-  22.  2306).  Its  dibenzoyl  derivative 

Chloro-oximido-acetic  Ester  1 

melting  at  80°,  is  obtained  frU  cn  wr™6  Chloride-  C02C2H5  .  C( :  N0H)C1, 
acid,  and  when  concentrated  hydrocblo  •  toa.jetlc  ester  by  means  of  fuming  mine 
12ll):  ,  .  uyarochlonc  acid  acts  upon  nitrol-acetic  ester  (B.  28, 

A  itrol-acetic  Ester  EtVin  \ 

nitroso-acetoacetic  ester  and  nitric  add  C02C2H5  •  C( :  NOH) .  N02,  from  iso- 
Carbonic  Acid,  C0.H  c/^NC  *8’  ^  ^  *  69°' 

at*62\  B  is  produced  when  its  ^  ^  ~  NHC6H  ’  raelts>  when  rapidly  heated, 

sodhm^malord  benZCne  chloride  (0  m ?h? h°A  ified*  The  ester  results  from  thC 
sodium  malomc  ester,  and  (3)  ^so.aUc  ester,  (2)  upon 

ter.  Oxalic  acid  breaks  down  into 
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formic  acid  and  C02,  and  formazyl  carbonic  acid  decomposes  into  formazyl  hydride 
(p.  233)  and  (“■  25»  3I75>  3201)- 

Parabanic  acid  and  oxaluric  acid  are  ureides  of  oxalic  acid.  They  will  be  con 
sidered  together  with  the  derivatives  of  uric  acid  (see  these). 


THE  MALONIC  ACID  GROUP. 


Malonic  Acid  [. Propan  Diacid\  CH3(CO,H),,  melts  ift  1320.  It 
occurs  as  calcium  salt  in  sugar-beets.  (1)  The  acid  was  discovered  in 
1858,  by  Dessaignes,  on  oxidizing  malic  acid,  C02H .  CH(OH) .  CHj- 
CCbH,  with  potassium  bichromate  (hence  the  name,  from  malum, 
apple)  and  quercitol  with  potassium  permanganate  (B.  29,  1764).  t 
is  also  (2)  produced  in  the  oxidation  of  hydracrylic  acid,  anti  (3)  0 
propylene  and  allylene  by  means  of  KMn04.  (4)  Kolbe  and  ugo 
Muller  obtained  it  almost  simultaneously  (1864)  by  the  conversion  o 
chloracetic  acid  into  cyanacetic  acid,  the  nitrile  acid  of  malonic  aci  , 
and  then  saponifying  the  latter  with  caustic  potash.  (5)  y  ie  £ 
composition  of  barbituric  acid  or  its  malonyl  urea  (see  t  us).  (  ) 
Malonic  ester  and  CO  are  formed  in  the  distillation  of  oxalacetic  es 
(see  this)  under  the  ordinary  pressure  (B.  27,  795)* 


Preparation. — One  hundred  grams  of  chloracetic  acid,  t  !ss°  .  .  crams  of  pure, 
water,  are  neutralized  with  sodium  carbonate  ( I 10  grams),  an  heated  after  soiu. 

pulverized  potassium  cyanide  are  added,  and  the  who  e  ^ gr  ,  concentrated 

tion,  upon  a  water-bath.  The  cyanide  produced  ts  sap  22O.  To  obtain 

hydrochloric  acid  or  potassium  hydroxide  (B.  13,  135'  >  •  ’  *v.e  residue  with 

the  malonic  ester  directly,  evaporate  the  cyanide  so  u  ,on’  .  with  sulphuric  acid 
absolute  alcohol  and  lead  HC1  gas  into  it  (A.  218,  l3*)»or  treat  it  v 

and  alcohol  (C.  1897,  I,  282). 

Properties. — Malonic  acid  crystallizes  in  tricbnic  plat<  .  t  ('t 
easily  soluble  in  water  and  alcohol.  Above  1  mine  |n  aqueous 
decomposes  into  acetic  acid  and  carbon  dioxit  .  ,  •>  j0dic  acid 

solution  converts  it  into  tribromacetic  acid  ant  q 

changes  it  to  di-  and  tri-iodoacetic  acid  (p.  2 75)  caidumsalt ,  CsHr 

Salts. — Barium  salt ,  (C4H,04)Ba  +  *«,?.  1 "e  The  diver 

04Ca)  +  aH,0,  dissolves  with  difficulty  in  cold  water. 
salt,  C,HsAg204,  is  a  white,  crystalline  compouna.  ^ 

Ester. — Potassium  ethyl  malonate,  from  the  ester  and  caustic  1 

succinic  ester  when  it  is  electrolyzed  (pp.  43°»  443)*  .  ^ 

I  he  neutral  malonic  esters  are  made  by  ^  hydrochloric  acid, 
acetate  or  malonic  acid  with  alcohols  a  .  Synthesis  of  the 
Hiese  compounds  are  of  the  first  importance  0f  the  hydrogen 

polycarboxylic  acids,  because  of  the  replace 

atoms  of  the  CHa-group  by  sodium.  ^  ^  I3g3), 

History. — This  property  was  first  observed  in  by  means  of 

a»d  the  possibility  of  obtaining  the  malonic  acK  .g  begun  m  lh79  . 

indicated*  The  comprehensive,  exhaustive  cxl)Cl1 
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first  demonstrated  that  »ah>oie  esters  were  almost  as  valuable  as  the  acetoacetk  esters 
to  carrying  out  certain  synthetic  reactions  (j^v  i  A.  tot  t  'j\ 

rhe  OUC<V  CHJ*  hoiks  nt  «*t*  1'he  «4*f«*r  boils  at  loh- 

*»  v^v;:v  «*•*'  •'  lS'  •>  ‘  -  >  H>  the  a.von  ti  MttMMethvUte  u-.v  it  •  \  ' 

and  l\Na*aV<Wa  (R  i7s  ~lu  *£*£* 
AianAresu.u  Makxuc  ester  is  *r«v  soluble  ut  aqueous  alkalies  Iodine  conveits 
esters  into  ethane  and  ethylene  tetrocarboxylic  esters,  xv  ...••. 
*****  etectevCyfcO,  viekl*  ethane  tetracarKxwlk  ester  iR  i$.  R  ate 
A<fcyl  ^  walonic  esters  into  esters  of  makxuc  acid  hrW 

£V*MR  »S,  -cte  .  fhe  malonte  esters  and  dtatohetwne  ch'onde  vieki  nhenvk 
hxdrajooe  luesoaa;*  esters  i  see  these).  l’poo  heating  sodium  malontc'ester  to  tat'' 
' ^'i^'«h«cs.vow.  with  a  splitting^'  of  Nt  molecules  or  a\v  , 

tmnihwj&  add  (a  derivative  of 

5CHNa(COlC,H4),  =  Ctt\X^C\\.  C,1  Vi  +  $C,H*OII. 
esseis*  -ee^theso'  diaaotvnaene  chloride  yield  phenylhjdraaooe  nresoxaao 

ai»\OcS<X  is  m*  known  (comjv  jv  4^k 
..w^T ^  t^t^aefid^'  Chkaide  of  Fthyl  Malonk  Ester* CC\.  CtHs.CH#l\X'l 

i!"^k  l  tU  **hvl  »**«*  action  of  1\\,  hJh  at  t^  lX  '  VR 

m  jShS'  wh™  avi*  •**»  "p**  *^»fc  *e*1  (a 

v _ ^^*!?**^  C^kCLlk  ,  t  H.  >  CO  ,  X1L.  nirhi—  mi  m*  k  f  m  l  mna 


CuNH'NH, 

l-i  5**  *$rv  "  - - -  ~  *j*  v.*'  t"  — 

— fanfe  *cjf (y  Nfrrilmnalouk  Aoj  half  uferife  of 

very  reaca  >  in  water. a^'at^t  ir^tLT^  **  R  »*V  U  drss,<xe> 

Q»**i*it  2%!&r  Q|xQj  v  >  e.own  n'.toOv\a:'..;  a.v:or.-.;:  ht(p  -  > 

'  like nuduMc otter. W nouns  If v&L&&  K>*ws ^ 

replaced  by  alkvls  R  R  “  tl*  W'x^gen  ot  the  Cl 

S. a.OL3ffi  •«*  "•ST".  R 

MalooooteiW  CH^N  _ v  .  U  **  W  5*'  *% 

MddetthhPXkCC. 

f*"“ **2 nwS'soiirR1^ 25*'  •*«»  l 

fwle  ySd  w^x'viJtirrMjaf'v.i^  t j.  R  Hwteuinea 


- 1.  «K.l>  «  i;.  |_> 

*■  . . [Ct  s  X  ' 

I  .vV*  ttftklW  vM  tr^_l  vM  v 

(aeethisv  ^  W  ln?*^  hter  in  connection  with  one  ackl 


julxtuc  MAimnc  ham. 


X4f 


(2f  SSK.  ‘V>  44-  ysj f  ;  CBWMMBg  iV,  meamuZx.  aea£>  ‘  v*  1KSA-  aut  vr 

wm  "*#**'  *»&  bmk  t*zs*at  vatz  to  Utrtrmv  <y  d~i  awe  mat*** k  •■-.a 

\V  Vflh 

Alxylic  Malooic  Adds- — The  ger-ierai  •cdbodt  fletaote  *  the 
preparation  of  alkylic  aak«se  add* are  f ly  reacio*  5*  (f*.  xy^,  «•- 
of  w-halogen  fatty  acids  nto  m^Urhexy  acids— tkc  t^:  itr  --ei 
of  the  makoiMC  arid  1 va&&s,£XA',  and  '2,  vea>c&m  C  (fc  tie  re¬ 
placement  of  the  hrdrogen  atc«&  of  tie  CH,  grasp  ^  r-*-tck 
esters  by  alkyls.  First,  with  the  asd  of  sodrisa  wom^s> 

oaknic  eaters  are  made,  »bkx  alkri  1'/’  '*s.  oct*t.  is'-o  a  .iXiX;.  ' 
taalonic  esters.  These  are  faitrer  ai..e  to  Tide  2* or. 'sysL —  a.x 
saifflic  esters,  which  alkriogeiB  ciaagt  to  na-.c-k.  CRess 

e.  f  / 


COj.CjHj 

<hi, 

A>,  c* 


<yjAHs 
->CHXa 


coah* 

-KH. 


Elfcjl 
Etier 


Aw», 


Eac*r 


_  _  _  1  .,  ,r;r  it-  r";  ^rrstf  ii: 

H  sa*  HK2  pc«Tjfjs4.T  nez^weeA  vx..acx-i-  &*--  ?-  :  >  -  . _ _ 

erjcaaaed  is  *i»  aidrka'  of  x^ss  sci?-**  «o  -if 
'l-z^-'M  of  akxjbcl  aari  tac  {riiaca®  «*  a  x  •*»  ’*  ¥^_ 
uciitri  ksfcf,  aad  tssre  tinta  abCor^ed  ri«£  e.  ^  44  4  vs-^—^  -< 


A  ^  v'J  v .  <-  ->  *2.  ■■  -  ^  ^  — 

itself,  aad  taere  lisa  abGo^ed  tbs 

c<SxP‘ 


*-jtf  aCtj  2C 


A.  ii»% 


CPAH* 


chch, 

CtiAH* 


CH  CHCH, 

COjC^H,  CCAA 

So«s*  of  these  dkZiTfic saaloosc  aois  art  foned  \  ^jr-re.- 

■*  oradized-y-.  ^.,  dhozahj.  aod  R&2  .c  «f 

^1  ia«bl  edBjieae  sacrinic  arid,  ^^efflpser-  ^  >>ie^  a 

-iae&ri  »»»Vry  jfcdid  in  *v»<  —  - — «**•  jrws  a;  jrtsec-  J 


gr'jcpctg- 


S*>°<5 


ch3-^^cs 

and auilkjlic  malonii  adds,  sc ar«  expert* ^ 

-f>,  a*i  /^x  «/,  ^  (B.  *7,  ii77)  ^ 

^)-  . 

See  Z.  ptm,  Ch.  8,  452,  a=tsr  awaits  ^  sSiS- 

B.  2^,  1864,  the  speei  of  sapaaMrxc  of  JS  xxj  - 

Iso-succinic  Acid.  E:h:dene  S<icciii:c  Aa  *!  1: 

"dd  [Methyl  propan  di-ac:d],  melts  at  *50  ^jainic  acid  (p- 

»  isomeric  with  ordinary  succinic  ac;C  or  J  pr.:r-n:r  ac  is 

31).  and  is  obtained  (1)  from  *-chlor-  a!™*'  c  ester 

"■-^gh  the  cyanide  (R  13,  i=9).  (')  TOD  3°d"^ 

®d  methyl  iodide. 
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When  ethidene  bromide,  CH3 .  CHBr„  is  heated  with  pctassiur 
cyanide  and  alkalies,  we  do  not  obtain  ethidene  succinic  acid  by  the 
operation,  but  by  molecular  rearrangement,  ordinary  ethylene  succinic 
acid. 


The  acid  is  more  soluble  than  ordinary  succinic  acid  in  water.  If  heated  above 
130°,  it  breaks  up  into  carbon  dioxide  and  propionic  acid  (p.  246).  The  ethyl  ester 
boils  at  196°  ;  the  methyl  ester  at  I790. 

a-Cyanpropionic  Ester ,  CH3 .  CH(CX)CO,C,Hj,  boils  at  197-198°. 
Bromisosuccinic  Acid ,  CHS.  CBr(CO,H)r  melts  at  118-119°  (B.  23,  R.  114). 
Methyl  Brom-malonic  Ester  boils  at  II5-II80  (15  mm.)  (B.  26,  2356). 

Ethyl  Malonic  Acid ,  C,H5.  CH(CO,H)„  melts  at  III.50.  The  ethyl  ester  boils 
at  2000.  Ethylbrommalonic  Ester  boils  at  *125°  ( 10  mm.)  (B.  26.  2357). 

Dimethyl  Malonic  Acid,  {CH3),C(CO,H),,  melts  at  117°  ;  the  ethyl  ester  boils  at 
1950.  The  nitrile  melts  at  320  and  boils  at  64°  (22  mm. ).  Compare  the  3d  method 
of  formation  as  given  above.  Both  acids  are  isomeric  with  pyrotartaric  acid  and 
n  glutaric  acid  (see  p.  431). 

In  tne  case  of  the  subjoined  alkylic  malonic  acids,  the  boiling  points  of  the  ethvl 
esters  (inclosed  in  parentheses)  are  given,  together  with  the  melting  points  of  the 
acids. 

Propylmalonic  Acid ,  CH3 .  CH, .  CH,CH(CO,H)1,  melts  at  96°  (219-222°). 
Isopropylmalonic  Acul,  (CH,), .  CH  .  CH(CO.H).,  melts  at  87°  (213-214=1. 
Methyl-ethyl  Malonic  Acid,  CHs(C1H5)C(COJH)„  melts  at  Il8°  (207-208°). 
These  three  acids  are  isomeric  with  adipic  acid,  methyl  glutaric  acid,  ethvl  and 
dimethyl  succinic  acids  (see  p.  431). 

AW  Butylmalonic  Acid,  CH3(CH,)3.  CH(CO,H)3,  melts  at  101.5°.  Isobutyl- 
iSf'Sf  Acid^  melts  at  107°  (225°).  Sec.  Butyl  Malonic  Acid,  CH3(C,H5)CH .  CH- 
at  ?6  (233~234°)-  Propyl, methyl  Malonic  Add,  CH3  CH3 .  CH,. 

106-107°  (220-223°).  Isopropylmethyl  Malonic  Add  melts 
*  I24,  (221  )•  P'Ahylmalonic  Acid  melts  at  1210  (A.  292,134).  Diethy  imalonic 
Aitrtle  melts  at  44°  and  boils  at  92°  (24  mm  )  ' 

A,D?Cua/cu  A™\ CH?(CH,)4CH(co3H)s,  melts  at  82°.  Dipropylmalodc 

fH/rr>  hV  ^1/  i)jC(CO,H melts  at  15s0.  Cetylmalonic  Acid,  CHj(CH,)is* 
CH(CO,H)„  melts  at  121.5-1220  (A.  204,  130;  206,  357;  B.  24,  2781). 


THE  ETHYLENE  SUCCINIC  ACID  GROUP. 

th^ntmHi6  s'lcc*n'c  ac*d  aud  \ts  alkylic  derivatives,  as  mentioned  in 
break  rWn  are  c^fracter*2ed  by  the  fact  that  when  heated  the) 
takes  nfare  mint°  ^^rides  and  water.  The  anhydride  formation 
gen  atoms  of  m  th.e  alk-vlic  succinic  acids,"  the  more  hydro¬ 

alkyl  radicals  eth>'lene  residue  of  the  succinic  acid  are  replaced  by 

chloride^an^dare  n^n'C  ac*ds.(or™  anhydrides  more  readily  with  acetyl 
alkvl-n -Glutaric  ariri^A0  &t  oC  in  a(ll,eous  vapor  than  their  isomeric 
acids  Show ^remarkable  285  ’  2I2)‘  The  sym.  dialkylic  succinic 

explained  under  the  c  lsomer.lc  phenomena,  which  will  be  more  full' 
The foCt *  ™ 5y?metnc^1  dimethylsuccinic  acids  (P.  444)- 
hydride  -  ('2')  theanilie  afacte^.st*cs  of  a  succinic  acid:  (1)  the  an* 
or  benzene  solution  of  ",hlch  aPPears  in  the  chloroform,  ethereal 
ing  the  anilk  aS  or  t  anh-vdr!de  >  (3)  the  anil  produced  by  heat- 
acetyl  chloride  upon  it  (  \  °^,hosPkorus  pentachlonde  or 

V  A45,  2O5,  220). 


UNSYM.  DIALKYLIC  SUCCINIC  ACID. 


445 


n.viic  succinic  acids,  also  containing  asymmetric  carbon  atoms,  manifest  certain 
J  s  with  para-  tartaric  acid  (racemic  acid),  and  anti-  or  ^-tartaric  acid. 
Hence  it  is  assumed  that  their  isomerism  is  due  to  the  same  cause  Hie  higher 
hina  more  difficultly  soluble  modification  is  called  the  para-ioxm,  while  the  meso- 
orLa  J-form  is  more  Readily  soluble,  and  melts  lower  (Bischoff,  B  20,  2990;  21, 
2106)  However,  this  assumption  is  doubtful,  inasmuch  as  not  one  of  the  constant  y 
inactive  dialkylic  succinic  acids  has  ever  been  converted  into  an  active  variety  (^.22, 
1S10I  Bischoff  has  set  forth  a  theory  of  dynamical  isomerism  (B.24,  1074,  io.  5) 
.lb: uU  £ presents  views  in  regard  to  the  equilibrium  positions  of  the  atoms  and 

Symmetric  carbot!  atoms,  in  the  symmetrical  dtalkyltc 

SUCTh«c“ltir  esters)  are  produced  as  follows :  By  the  saponification  of  dimethyl- 
ethane  tricarboxylic  elters  with  hydrochloric  acid  ;  from  dimethyl 
hv  the  elimination  of  the  acetyl  group;  by  heating  a-halogen  fatty-acids  witn 
duced  silver  (B  22  60),  or  more  readily  by  the  action  of  potassium  cyanide  upon 
nmlh^ginfady.acii’s  (B.  at,  3.6o)/by  the  reduction  of  dMkybcm,j.1c  anhy- 
drides,  pyrocinchonic  acid  (p.  466),  with  sodium  ama  gam  or  y  .  jj  j. 

2737;  23,  644).  Both  symmetrical  dimethyl  succinic  acids  are  produced 
these  syntheses.  They  are  separated  by  crystalhzation  from  water. 

Sym.  Dimethylsuccinic  Acids,  C02H  .  CH  (C  H3)  (  1.  r02rms  needles  and 

The  para- acid  is  soluble  in  96  parts  of  water  a  Siting, 

prisms,  melting  at  I92°-I94°.  They  sustain  a  partia  oss  r  ^  anhy- 

lf  the  acid  be  heated  for  some  time  to  l8o°-200  ,  it  yie  ds  With  water 

drides,  C,H,0„  of  the  para,  and  “hl3„*  de  «ts  on*.  /tum-.cid, 

each  reverts  to  its  corresponding  acid.  hen  acetji  c  , .  iates  melts 

its  anhydrid'  is  the  only  product.  It  crystallises  from  ether  ,n  rhomUc  plate  ,  me 
at  38“,  and  unites  with  water  to  form  the  pure  para-acid  (B.  20,  2741 .  3  7 

12'lf.UAtidb?h«a.^'.3o«  with  bromine, 

C.H.O,  (p.  466).  Both  acids,  when  digested  PZJ  alld  hydro- 

the  same  brom-dimethyl  succinic  acid,  C6H9i3rU4,  me  b  j  f  the  para-acid 

chloric  acid  change  it  to  the  anti- acid  (B.  22,  66).  The  ethyl  ester  ot  P 

(from  the  silver  salt)  boils  at  2190  ;  the  methyl  ester  a  x99  •  dissolves  in  33 

The  anti- acid  (analogous  to  anti-tartaric  acid  an  fuses  after  repeated 

parts  of  water  at  140.  It  crystallizes  in  shining  Pris™S’  ■  CfiH803,  when 

crystallizations  from  water,  at  I20°-I23°.  It  yie  s  1  acid  with  water.  If  the 
heated  to  200°.  This  melts  at  87°.  It  regenerates  acia  add  The 

anti-acid  be  heated  with  hydrochloric  aetd  to  190  ,  it  »  anti-acid  is  etherified 

methyl  ester  boils  at  200°  ;  the  ethyl  ester  at  222.  ,  para-acid  (B.  22,  389, 

with  HC1,  it  yields  a  mixture  of  the  esters  of  the 

&,6l23’639)-  .  CHt. CH. CO, H  The^w.icid  melts 

Sym.  Methyl  Ethyl  Succinic  Acids,  ^  ^  tli  C02H 

at  179°.  The  anti-  or  *««<?- acid  melts  at  84°  (?)  (A.  ^2'^9^e\ts  at  1740,  and  the 
Sym.  Methyl  Isopropyl  Succinic  Acids  :  4  he  p  ^ 

w«o-acid  at  1250  (B.  29,  R.  422).  „  ,.,-v  melts  about  i89-I92°- 

Symmetrical  Diethyl  Succinic  Acids. — The  ao  R.  416;  21,2085,2105; 

It  then  loses  water.  The  anti-acid  melts  at  129  (  •  » 

22,  67;  23,  650).  . ,  lt,  at  Iq7°;  the  meso- acid  at 

Sym.  Dipropyl  Succinic  Acids  :  The  para- aci 

Sym.  Di-isopropyl  Succinic  Acid  melts  at  180°  (A.  292,  16  ) 

Unsym.  Dialkylic  Succinic  Acids.  rn  H  melting  at  I4°°> 

Unsym.  Dimethyl  Succinic  Acid ,  C02H  •  ^Ha  •  d carboxylic2  ester— the  Pro, 
ls  synthetically  prepared  from  a-dimethyl  et jane  ,jum  malonic  ester  011 

resulting  from  the  action  of  bromisobutyric  acid  upo 
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mg  k  with  sulphuric  acid,  and  also  kom  ks  nkrile  449  -  te  fp.  44I 

resclied  on  oxidizing  flKskylic  add  see  this,.  Utuym.  MetkyTetkyl  Succinic  Add 
(A.  292,  138,  153).  '  Uniym.  Diethyl  Succinic  Acid ,  CO,H  .  CH/  rCtHJ^0»Hf 
melts  at  86^, 

Trimethyl  Saucinie  Add,  CO,H.CH  CH,  | — GCH,  j-CO,H,  tte.tn.g  e  151 ' 
(A.  292,  142  .  is  produced  on  saponifying  the  tricarboxylic  ester  (B  24-  152: 
pnyiuced  in  the  action  of  bronrisobetyric  ester  upon  aodi  rm  aie%l  Emetic  ey~. 
or  srjdnun  o-cyanpropionic  ester,  as  well  as  m  the  oudatKC  of  oafikhc  so; 
(B.  26,  2337j/aad  by  fusing  campfc  crock:  add  whh  potash  private  esanwa^c 
from  J.  Bredt  and  J2geiki),  The  formarioo  of  trinie-iylsocriiiic  anhydride  1-je:  os- 
pboronic  add  by  disaiisuioo  is  rather  important  in  the  recoguhyx.  of  the  ccestrxxB 
of  camphor  (B.  26,  3047). 

(CH,  u .  C  -  CO,H  .  ,  , 

Tetrametkyl  Succinic  Add,  I  „„  ,  is  fonaec,  together  wru  tr> 

(CHj  C.  CQjH 

methyl  gfotaric  add  'p.  434 |,  when  a-bromisotuivric  add  or  its  ethyl  ester  is  healed 
with  silver  (B.  23,  297 ;  26,  1458, ;  also  by  electrosyulbesB  fr-.u:  pGtas-iuu:  d  rtetij' 
malonic  ester,  and  hotcazo  batyrochrile  'p.  361  (A.  292,  22G  I:  meits  zixe:  190- 
1925.  It  parts  quite  readily  wkb  -rater  aod  passes  into  the  anhydride  ;  227 


Chlorides  of  the  Ethylene  Succinic  Acid  Group. 

Of  the  possibk  chlorides,  the  mensekhride,  OCOCH, .  CH, .  CO,H,  is  only  cxnm 
in  be  form  of  its  ethyl  eater,  bcLing  at  I44"  90  r*—n  f,  which  results  fr-.c.  tae  sect 
of  FOCI,  |  B.  25,  274S  epoo  sodium  wwif  ethyl  ester.  _  _ 

Sueemyl  Chlyride.  mening  at  cf’  and  boiling  zt  lycr .  resells  fc/c  the  ir:; '  ;t  r'  - 
npoo  swximc  add.  Formerly  k  was  given  the  fonrxua  i)  COO .  CH. .  CH.  COO 
aanost  exclusively,  alibcogh  its  behavior  accorded  -rish  for uia  * 

,  CHj.CCl, 

(2)<?h,.co>°  <*“•***>’ 


CH..COOH  pa  CH, .  CO 

- >■  * 


CH,.  COOH 


>o-r^CH,oa,>o 

CHj-CO  CH,.  CO 


<H  CH. 


CH,.  CO 


,  Jr1!  1fter  .Tiew  “k*  sacduy!  chloride  £  dkhlor-stfoscurku  ~:cuu  d 

to^t^T -3S0  whiCC  *  00  The  behavior  of  sotciu j  ==-  **& 

1..  .  ‘  et^e  B  *»  bar  moor  with  iis  lactone  tbmaha.  for  k  •V  -vie!  is  *  c"' 


Ten  per  crr.u  cf  =7 


driedv^S-A  -  Jr3,  •  ™  m  “e  P^sesce  of  benzene 
onec?  »0*ds  t-ditkcnyUnHyralaclcue  (B.  24.  R.  ^20  Ter 
dicemerl  clear.?,  C.H.GO  CH  m  m  ru  -  '  1  r— -  rw 

1‘robabiv  sncdnvl  di  vide  i/lij  - *P°‘ ■<wIJs»  “  ptwJccec  a;  tie  *2* 

■^SSSS«»i 


MSI*- 


DxMiHkyLul-inji  OcUlUQ^?'^  '?  ****9?  (B.  16.  W  - 

’  vwtW»  •  CV  beds  a  200-202=  A  242.  I3»,  3^1 

Anhydrides  of  the  Ethylene  Succinic  Acid  Group. 

acid  U  chacacteri5,:c  of  ethriene  soedv 

m'lZkTcro^LtPTr-  U  «be  »a« 

radicals  (p.‘  44^'”  '  °‘ the  e  r-  '  ‘Cne  group  are  replaced  by  a-f*- 

ttr- (2)  Bv  ,he  ; 

By  ueating  4e  acids  with  the  chUde^l^T.^H^ 


**XX!X *C  A<Jl>  ‘stS/JV*. 
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vid,  e,  2s*Xy\  daik/rtdc  or  acetic  anhydride  Amcb£&z, 

A,  22^,  0J 

CH^xCOOH  qvj  Clf//*  ?*»'C0^o  -r  aHCL 

a^,  o»h  +  *CH»- coa  -  <!n/>r  + 

^4/  When  the  chloride  of  a  dicaiWylic  add  acts  f<r)  epoo  the 
aric,  r/r  (£/  upon  anhydrous  o%a.ic  acid  A.  226,  6;; 


01,-03,  OXdl  CWJJh  2HC3  —  CO  —  COr 

6l,.CO  ^  +  fiooil  CH/XT 


Saccmic  Anhydride  ,  J^X>*  «**  2'X''' 


Methyl 


" — ’ - / —  «  H  (J/ 

.W*fr  Anhydride,  t*  pyr'dartarie  anhydride,  z^&i  *  3*  *  2o* 

ktkyl  Sneemte  Anhydride  both  M  M3"  Iufrffrl  ^nu  Anhydride  ' 

P*r+»A  Meurt  dimethyl  SueeinU  Anhydride  ank  *  Y>'  ***  *C 

U  26,  1460),  Atefi-methylethyl-  sad  Meurydiethyl  Sueetnu  Anry.nt.i^ 

24>-H?*A  245-24**  6*;/*-  S««d**r  Anhydride  mtk*  M  2,  *•£ 

bik  *t  2iy-220'  Trimethyl  Satecinie  Anhydride  mdtt.  »  312^  **** ^  ild 
(760  not.);  KOI4,  (12  ilia),  Tetramethyl  Suectnu  Annyande  sets 

U/jifcsa  250.5',  „  ,  -  _ 

Properties  and  Behavi*r.-*mBB*c  aabydride  has  a  grrrfhr,  fai, 
aim,  It  caa  be  recrystsuliaed  from  dalorofasm.  It  re^****  to  isi&c^,  „  - 

w-  The  o&ivtxwxi  is  more  rapid  if  it  »  boiled  wata  -wattr-  I-  3”r*  -  ..  j 

s*yl  e«er  adds  with  akobols.  Aa— oma  «d  aaa«a  ebaage  *  to  wnaaw ^aaa 
^*d  Mcdmuaic  acids,  PCI,  changes  it  to  soedsy.  czlfrreec  Sodm^i  am 
redaces  it  to  IwryioSactcot  (B,  29,  1 193)-  If  ^TCryif:  54 
k  Jose*  CO,  aod  changes  to  tie  dHactooe  of  acetocA  ciacstic  aac.  C 
CO^fsee  t&»i7lVS<»"T«ts  soedde  add  aod  sodism  socoi^te  «*>  tkmfkene, 

<M  =  Ol  —  S  —  CH  =  CH  (see  this).  The  rea-do^s  of  t«t  feW  the 
Vjgae*  of  mediae  anhydride  bare  tfrn*  far  been  accurate.;  1  -‘ 

to  those  of  the  latter. "  _ ^ 


CTTs- 


t>  CH,  .  CO  -  O  CH,.C  \  whke 

Peror.d*.:  A™,/  *«***.  ^  ^  £  or  ^ 

JS5“  .^7  11  '7Psrie‘.  W” Iao'  *  "£““? 

c^L’iy  iaairog  eqohnokcnlar  qnartTties  of  socauTl  c^-onae  a~- 
(»-  29,  1724J, 


WITROGEH^OHTAINIHG  DERIVATIVES  OF  THE  ETHYLESr- 

ACID  GROUP. 

Ethylene  succinic  acid,  like  oxalic  acid,  yields  an  im-de,.  a  diam.d 
a  nitrile  acid  and  a  dinitrile : 

CH,-CO,H  CH,.CO,  .  CHj.CO.NH,  CH,.C0^1  <[H,'CS 

COXH,  CH,  .CO  NH  CH, .  CO  XH,  cH7  -  ^ 

slnm^de  sJcciaamide  ^C^n^°D  Cjz^de. 

(«)  Am  c  A ci Is, — Most  of  these  hare  been  prepared  ^ 

*il«lies  or  baryta  aatcr.  they  are  also  formed  00  adding  ammea^  r 
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aliphatic  amines  (and  aromatic  amines,  e.g.,  aniline  and  phenylhydrazme)  to  acid 
anhydrides.  They  behave  like  oxamic  acid  (p.  435)-  When  heated,  or  when  treated 
with  dehydrating  agents,  e.g. ,  PC15  or  CH3  .  COC1,  they  become  imides,  which  bear 
the  same  relation  to  them  that  the  anhydrides  sustain  to  the  dicarboxylic  acids. 
Succinamic  Acid,  C02H  .  CH? .  CH2  .  CONH  ^obtained  from  sucdnimide  by  the 
action  of  baryta  water.  Succitiethylamic  Acid,  C(J2H  .  (A. 

251,  319).  Succinalic  Acidy  C02H  .  CH2 .  CH2 .  CUNHCgH-  (B.  20,  3214).  Unsym . 
Dimethyl  Succinalic  Acid  melts  at  1 89°. 


O)  Imides. — These  are  produced  (i)  on  heating  the  acid  anhy¬ 
drides  in  a  current  of  ammonia;  (2)  when  the  ammonium  salts,  di- 
amides  and  amic  acids  are  heated.  They  show  a  symmetrical  structure, 
as  will  be  explained  in  connection  with  succinanil. 

Succinimide,  CH2.CO  melting  at  126°  and  boiling  at  288°, 
ch2.cct  . 

crystallizes  with  water,  and  manifests  the  character  of  an  acid,  as  the 
hydrogen  of  the  NH-group  can  be  replaced  by  metals. 

Potassium  Succinimide ,  C2H4(CO)2NK;  Sodium  Succinimide  (B.  28, 
2353);  Silver  Succinimide  (A.  215,  200)  ;  Potassium  Tetrasuccimmide- 
tri  iodo-iodide,  (C4H502N)4I3 .  KI  (B.  27,  R.  478 ;  29,  R.  298). 

The  cyclic  imides  are  readily  broken  down  by  alkalies  and  alkaline 
earths : 

CH, .  CO  h2o  CH2 .  C02H 

1  2  >NH - >  1  2  2  . 

ch2  .  CO  ch2  .  conh2 


On  distilling  succinimide  with  zinc  dust,  oxygen  is  withdrawn  and 
pyrrol  (see  this)  is  formed. 

Pyrrolidine,  C4H9N  (B.  20,  2215),  is  formed  in  the  action  of 
sodium  upon  succinimide  dissolved  in  absolute  alcohol : 


CH  =  CH 


Zn 


CH, .  CO 


Na 


ch2  .  ch2^ 


1  >NH  - -  “ "2  •  ~w\nH  _ — — -t»-  T**2 '  2>NH 

ch=ch^  Distilled  cHj.ar  Alcoholic  ch2.ch2" 

Pyrrol  Succinimide  pyrrolidine. 


Uprv/*- 

sue- 


Hypochlorous  acid,  and  hypobromous  acid  acting  on  succinimide,  and  iodine  1 
silver  succinimide  produce  :  Sucdnchlorimide,  C, H  .(CO),NCl,  melting  at  148°  '> sut 
nnbromimide,  C2H4(CO).2  NBr,  melting  at  1 73—1 75°  with  decomposition,  and  sue- 
cimodo-imide  (B.  26,  985).  Phosphorus  pentachloride  converts  succinimide  m  0 

CC1 .  CO 


,.  ,,  cci .  cu  , 

dicklormatein- imide  chloride ,  ^  >NH  ;  pentachlorpyrrol,  C4C15N,  and  the 

heptachloride,  C4C1.0  (A.  295,  86).  Bromine  and  caustic  potash  convert  succinimide 

hv  /™T  ;Pr°pi0n,C  acid  (P-  358).  Sodium  methylate  changes  succinbrom.mide 

rn  NH  ^^rra"8^ment  into  carbmeth oxy- ji-ani idopropion ic  ester,  Cl  3 

CO .  Nil .  CH2  .  CH2  .  C02 .  CH3,  melting  at  33.5°  (B.  26,  R.  935). 

Methyl  Succinimide,  C,H4<g>>N .  CH3,  melts  at  66  50  and  boils  at  234°- 

fr°m,  !h*  °xime  of  ^Ttilinic  acid  (p.  379)  by  the  action  of  concern 
trated  sulphuric  acid  (A.  251,  318).  \r  o/yj  j 

Ethyl  Succinimide,  C,H.<g>>N .  ^  it  j6.  and  „  .34°.  » 
is  formed  when  ethyl  iodide  acts  upon  potassium  succinimide  It  vields  ethyl  p>^° 

alo"  's  Wkh  T  dT  IS  meltl  arei^nd'boils  at 

230  .  Isobutyl  Succinimide  melts  at  28°  and  boils  at  2470  (B.  28,  R.  600). 
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phenyl  Succinimide ,  Succinanil,  C2H4(CO)2 .  C6H^raelting  at  150°,  is  con¬ 
verted  by  PC15  into  dichlormalelc-anil-dichloride,  ||  >NC6H5,  the  lactam  of 

CC1  -  CCk 

CC1  =  CC1 

y-anilido-perchlorcrotonic  acid  and  tetrachlorphenyl  pyrrol,  ^  _  ca>NC6H5- 
This  last  fact,  and  the  reduction  of  dichlormalelc  dichloride  to  y-anilido-butyrolactam 
or  n-phenyl  butyrolactam,  >NC6H5,  indicate  that  the  symmetrical  for¬ 
mula  properly  falls  to  both  succinanil  and  succinimide  (A.  295*  39*  88).  o 

Unsyrn.  Dimethyl  Succinanil  melts  at  85°.  Trimethyl  Succinanil  melts  at  1 29  . 
Tetramethyl  Succinanil  melts  at  88°  (A.  285,  234;  2g2,  184,  176). 

v-Anilido-succinimide,  C2H4(CO)2N  —  NHC6H5,  melts  at  1550  (J-  Pr*  Ch.  [2], 
35*  293). 

pjj  CH  CO 

Pyrotartrimidc,  3  i  ^>NH,  melts  at  66°.  s-Dimethyl  Succinimide  (B. 

CH2  •  CO  •  j  •  • 

22,  646).  Unsym.  Dimethyl  Succinimide ,  melting  at  io6°,  is  produced  by  oxidizing 
mesitylic  acid  (see  this)  (A.  242,  208 ;  B.  14,  1075).  Pimelimide  melts  at  6o°  (A. 
220,  276). 

* 

(i)  Diamides  and  Hydrazides. 

Succinamide,  C2H4<^q  '  is  produced  like  oxamide.  It  crystallizes  from 

hot  water  in  needles.  At  200°  it  decomposes  into  ammonia  and  succinimide. 

Succindibrom-diamide ,  NH2CO[CH2]2CONBr2,  is  obtained  from  succinamide  and 
BrOK  (see  also  /3-lactyl  urea,  p.  402).  Pyrotartramide  melts  at  2250  (B.  29,  k. 

509).  Succinhy dr  azide,  ^  '  CONH  '  NH2  melts  at  167°  (J.  pr.  Ch.  [2],  51. 

,  CH2 .  CONH  .  NH, 

190).  *  1 

ch2.conh.ch2 


(d)  Cyclic  Diamides. — Succinyl Ethylene  Diamide, 


CH2.  CONH 


6h2 


(!!v27*R.  589).  Succinphenylhydrazide,  1  -Phenyl-3. 6-orthopiperazone, 

.  CO  .  N  .  C  H- 

^H2 .  co  jsjh  6  5’  me^ing  at  1990,  is  obtained  from  the  hydrochloride 

°f  phenylhydrazine  and  succinyl  chloride  (B.  26,  674,  2181). 

(0  Nitriles. — Nitrile  acids  have  not  been  studied  to  any  great  ex- 
ent.  Certain  dinitriles  have  been  prepared  by  the  action  of  potassium 
cyanide  upon  alkylen  bromides,  the  addition-products,  formed  by  the 
mon  of  bromine  with  the  olefines.  By  absorbing  water  these  di- 
1  ri  es  become  the  ammonium  salts  of  the  corresponding  acids,  the 
^ynthesis  of  which  they  thus  facilitate.  When  reduced,  they  take  up 
•gnt  atoms  of  hydrogen  and  become  the  diamines  of  the  glycols — e.  g. : 


CHjOH 

Ah, 


ch2 

■  II 

CH, 


CH2Br 


in. 


Br 


CH 
->1 
CH 


,-CN  f  * 
,-CN  j _ v 


ch2  .  co2h 
co2h 

ch2  .  ch2  .  nh2 
■^ch,.  ch2.nh2 


inf^CCin°'nitrile’  Ethylene  Cyanide,  CN  .  CH2 .  CH2 .  CN,  melt- 

Daro  and  boiling  at  158-160°  (20  mm.),  is  amorphous,  trans- 

n  »  readily  soluble  in  water,  chloroform  and  alcohol,  but  spar- 
38  ’ 


lSODIEXOiS-STCriXlC  ACID. 


4fl 


The  free.  injkznr*  *=>i  tbeir  escsrs,  whai  braird  si  the  osniiZfc*ry  presses. 

Iscak  A-vr;  ir-n  Vx  -^=^-  -yinr<g  aad.  s ,  mr.:  4fccki  23Q  is  esisr.  arhije  n*e  trij- 
^oes  Tvtai  ^  bkgei  £ydr>ie  sud  csslesc  snhriride  (A.  254.  15-  .  Mobs:  sIto 
cxife  dOTens  brtefc>-cdhjc  ao:  m£o  im^zz re  bi’::  see  ihb  ,  wkich  cia  iris  be 

smhesaed  in  sit  «j. 

The  of  11  Wmir  ihd  to  ia  ,  dn-.  and  nesaex::  tSds  produces  :c.r- 

prncsrtzru:  adds.  C^tLQ04: 

'  I  EmckhrfTTwUrteric  Add.  Hiring  *2  Up^l±lD  (cocips £ie  pncnac  aod.  see 
ds,  ^  iteKilic  acid  }. 

2  M*nz-  or  Ck^rnm  rwtariaaric Add^  ise'i^  si  1^9*  (A-  iSS,  51  - 
ffi  — Jj  >  wftftm  n  Adds.  C^H^Bsi  ^ : 

I  )  IZzrrmtTrrvcz  r&ric  Aad,  mdig  ai  1370. 

(21  GgrmjrsmTTrtteyfaTit  Add,  mdhmg  a:  I4S3 . 

Dihajoe^n  Substitution  Products  are  produced  I  by  tk  direct  action  of 
bn'zirse  sol  *i:er  esod  the  acids;  ^2  or  the  addi'ico  of  ts-ogec  hy -rice  to  the 
nssndcdL  ugsc  zm^zznmiixi  acids  of  the  hrj wmtk  aod  bmbJw  series ;  5  ^  3^  addiiK® 

of  Uogos — |ntini]wV  teooibe — to  the  tr,stmicd  acids  of  the  feixic  sr- 


\S  v»n  bcrtircEac  aod  is  added  to  fusuk  aad  aoaieic  aods  they  yie^c  tie 
T-y-r-e-.S- rzzszcch: griii  fad  with  bromine.  fumaric  add  farms  the  spir.ng.y  so.uive 
«!■■!■!  nf  acid.  while  maleic  acid  aad  breeds  yield  tbe  easily  sc.nble  tvwfrw 
tmamic  acid  aad  nmuk  add.  These  taro  dibromsoednk  acids  have  the  same 
snaanl  formula.  thev  are  sttuh leoically  constructed,  aad  their  isomensm  is  prob- 
ahir  cue  to  the  s»-w  prevailing  with  the  s-dialkylk  succinic  ac^is  tji-  TM  - 

Ys  irr  are  mdmatrfy  relaxed  to  racemic  aad  mesotanane  aods.  wnich  were  tirst 
srnxbeQcallT  prepared  br  means  of  the  dibromsaccmic  ados.  IrASiE-*.-  as 
add  viel-ds  oceanic  add'vbeo  oddired.  therefore  the  sparingly  soluble  dibromsucxmK 
add.* the  dictum  addition  product  of  remark  add,  should  correspond  to  racemic  ac 
aad  *cid  to  meso-tartark  add.  However,  the  uanspositK®  re*.- 

ik*s  of  the  dibromsuxdnic  adds  show  many  contradictions- 

Dichiormceauc  Acid,  from  fumaric  add  and  liquid  chlorme.  me.ts  at  -I?  Wlt 
decosapoisitiao.  The  methyl  ester  melts  at  3-°  (A.  280.  210  V  .  .  ,  . 

Iccd.chlcnuccixic  Arid  melts  with  decomposition  si  I,o  .  t  ^  ..  m 

the  anhydride,  melting  at  95°,  the  addition  product  c:  ma.elc  ana  j-ue  — - 
chlorine.  When  heated,  the  anhydride  changes  to  chlormaletc  anhydnde  vA  -  • 

Dibrom- succinic  Acid.  C,  H.  Br,(  CO,HT,  consists  ol  prismswh^iare  Po^ay 
soluble  in  crid  water.  Whenheaied  tc  200-235°  it  breaks  uP  into  H  Brand  trem 
mzlel c  add.  2nd  with  acetic  anhydride  it  yields  brotn-m^e.^  ai-ycrK-^  u 
bromide.  The  methyl  ester  melts  at  02°  ;  tbe  ethyl  ester  at  oV.  t,  me'ts 

I sodibrom  succinic  Acid.  C,H,Brt  CO,H  ..  «s*“7 e  ‘ ^  jls 
at  i6or  and  decomposes  at  .S<T  into  HBr  and  brom-famanc  acj  M^:  ^ 

tthrlride.  C,HjBr,(C0],0,  from  maleic  anhydnde  atm  bromme  n.ex,  t  ^ 
loo°  it  bnaL  down  into  HBr  and  brom  maleic  anhydnde  NVhen 

exilic  acid  melts  at  I440.  The  am.'  melts  at  1770  (A.  292.  233  ! ,  ■ f .  Aum  iodide 
reduced,  both  acids  Tield  ethv’.ene  succinic  add  ;  when  boiled  wi  P  .  water 

**  •«  -m.  -bi;c  bciu«g  .torn 

converts  them  into  aretjUne  disarbaxy-u  aci*  (A.  272.  /  while 

soluble  dibrom  acid.  when  boiled  with  water,  passes  . mo  ^  hun. 

the  readilv  soluble  add.  under  like  treatment,  becomes  brom- u  ^  pres- 

ted  p^l  of  boding  wain  concert  m,  d»C,h  soluble  ^ 

erce  of  the  brominated  unsaturated  acid,  into  mesotartanc  ai.i  *  ^ ^  ^  t  little 
racemic  add,  while  the  readily  soluble  add  yields  much  racemic  acid  and 

of  the  mesotanaric  add  (A.  292.  295)  on  boilins  with  water 

The  silver  salt  of  the  dithcultiy  soluble  dibrom-acid  <-b  &  -  similar  condi- 

to  mesotartanc  add  (see  this),  while  racemic  acid  u  ofr«m  mfs0tmr. 

dors  from  the  easily  soluble  lsodibromsucanic  acid  (  ■  <  _  calcium  salt 

tarie  acid  with  but  little  racemic  acid  is  formed  00  boiling  the  barium  or  cat. 
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of  the  difficultly  soluble  dibrom-succinic  add.  'l*he  contradictions  in  i\o-v.  reac- 
t ions  are  made  clearer  in  the  scheme  which  follows : 

KMiiO* 

Furnaric  Acid  -  —  Kacemic  Acid 


Ijibromsuccinic  Acid  >  Mesotartaric  Acid 

KMnO* 

Maleic  Acid -  >  MesoUrtaric  Acid 


IsodibromMiccinic  Acid  -Je- Racemic  Acid. 


Truhlonuccinic  Acid  is  a  crystalline,  exceedingly  soluble  mass,  obtained  on  expos¬ 
ing  chlorrnalelc  acid,  water  and  liquid  chlorine  to  sunlight  (A.  280,  230). 

Tetrachlortucc inanil,  melting  at  1570,  is  formed  together  with  dicblormalelnanil 
chloride  (p.  464),  when  PClt  act*  uj<on  dicblormalelnanil  (A.  295,  33J. 

Tribrom -succinic  Acid,CJfBr((GO,U)t.f»  produced  when  bromine  (arid  water) 
acts  u|ion  brom -maleic  acid  and  isobrom-malelc  acid  ;  it  consists  of  adculai  crystals, 
which  melt  at  136-137°.  The  aqueous  solution  decompose*  at  6o°  into  CO?,  11  Ur, 
and  dibromacryiic  acid,  C.H2Hr/>2,  which  melts  at  85°. 

bibrompyrotartaric  Acidt. — The  addition  of  bromine  to  ita  ,  citra  arid  mesacoruc 
acids  gives  rise  to  three  dibrornpyrotartaric  acids,  which  upon  reduction  revert  to  the 
same  pyrotartaric  acid  (p.  444). 

The  ita-,  citra-  and  mesa-dibrompyrotartaric  acids,  C#II,l5r204,  are  distm 
guished  by  their  different  solubility  in  water.  The  ita-  compound  changes  to  atonic 
acid,  when  the  solution  of  its  sodium  salt  is  boiled;  the  citra  and  mesa 

com|>ourid*,  on  the  other  hand,  yield  brom- met  h  aery  lie  acid  (p.  283), 

An  excess  of  caustic  potash  will  convert  citradibrompyrotartaric  acid  into  broin- 
rnetacoriic  acid  (p.  464). 


QLUTAKIC  ACID  OROUP. 


Glutaric  acid  ant]  its  alkylic  derivatives,  like  ethylene  succinic 
acid,  are  characterized  by  the  fact  that  when  they  are  heated  they 
break  down  into  anhydride  and  water.  The  anhydrides  readily 
yield  anilic  acids,  from  which  anils  can  be  obtained  by  the  with¬ 
drawal  of  water.  The  glutaric  acids  resemble  the  ethylene  succinic 
acids  in  deportment,  but  they  arc  changed  to  anhydrides  with  greater 
difficulty  by  acetyl  chloride,  and  are  not  so  volatile  with  steam. 


Glutaric  Acid,  CI!a  (.j  Normal  Pyrotartaric  Acid  \_Pcnt- 

an  diacid\  is  isomeric  with  monomethyl  succinic  acid  or  ordinary 
pyrotartaric  acid,  as  well  as  with  ethyl  and  dirnethylmalonic  acid* 
(P-  437)'  It  was  first  obtained  by  the  reduction  of  o-oxyglutaric  acid 
with  hydriodic  acid.  It  may  be  synthetically  prepared  from  tri- 
methylene  bromide  fp,  303)1  through  the  cyanide;  from  acctoacctic 
ester  by  means  of  the  aceto-glutaric  ester  (see  this) ;  from  glutaconic 
acid  fp.  4^7)1  and  from  propane  tetracarboxylic  acid  or  methylene 
dimalonic  acid,  CJI4(CO.JI)4,  by  the  removal  of  2COa.  Glutaric 
acid  crystallizes  in  large  monoclinic  plates,  rnelts  at  970,  and  |  ‘  1 
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ester,  and  when  the  addition  product  is  saponified  it  yields  dimethyl  ginu rk  acid  B. 
24,  1041,  1923): 

COjC,Hs  COjCjHj  COjCjHj  CO,C,H, 

C=CH,  +  NaC-CO,C,Hs  =  CNa  — CH, — C — COjCj  Hs 
iH,  CH,  CH,  CH, 

aa^  Dimethyl  Glutaric  Acids ,  CHa[CH f CHJ;CX)1H]2,  melting  at  127-  and  140'  A. 
2g2.  146;  B.  29,  R.  421),  also  result  from  the  actioi:  of  methylene  iodide  c poo  sod: m 
a-cyanpropionic  ester.  Bromine  cod  verts  both  acids  into  a  brom-prodocts,  troc. 
which  oxydimethyl  glutaric  acids  and  their  lactones  are  obtained  B  25,  3221 ;  A 
292,  146}.  acij- Diethyl  Glutaric  Acids  (A.  292,  204;.  ai- Dimethyl  Glutaric  Acid 
(A.  292,  147;  B.  29,  2058). 

Unsym.  aayDimcthyl  Glutaric  Acid ,  CO,H  .  .  CH2  .  CH, .  CO,H.  E*k§ 

at  85°,  and  its  anhydride  at  38°.  fi$- Dimethyl  Glutaric  Acid ,  C02H  .  CH^OCKj  , 
CRjCOjH,  from  dimethyl  acrylic  ester  with  sodium  or  potassium  malcr.ic  ester,  c: 
subsequent  decomposition  of  the  dimethyl  propane  tricarboxylic  add  (A.  292.  u;  : 
C.  1897,  I,  28),  melts  at  loo°,  and  its  anhydride  at  1 24°.  The  anilic  acid  melt*  & 
I34°- 

a, a,  Oj-  Trimethyl  Glutaric  Acid ,  CO,H  .  CHi  CH^CHjG  CH,), .  COfH.  melt:-  * 
970  (compare  tetramethyl  succinic  add).  Its  anhydride  melts  at  96s  and  ix*h  2 
262°  (A-  292,  220). 


GROUP  OF  ADIPIC  ACID  AND  HIGHER  NORMAL  PARAFFIN  DICAS- 

BOXYLIC  ACIDS. 

Adipic  acid  and  its  alkylic  derivatives  volatilize  under  reduces 
pressure  without  decora  position.  Thej%  together  with  normal  pinielic 
acid  and  suberic  acid,  are  characterized  by  the  fact  that  when  their 
calcium  salts  are  heated  cyclic  ketones  result  (I.  Wislicenus,  A-  275, 

309) : 


CH, .  CH, .  CO,H 

CH, .  CH, .  CO,H 
Adipic  Acid 
.  CH, .  CH,\ 

CHj.CH,/ 

Oxo  or  Ketopenta- 
methyleue 
[Cyclopen  tanon] 


^CO 


^  .CH, .  CH, .  CO,H 

CH, .  CH, .  CO,H 
Normal  Pimelic  Acid 
Yr„  /CH,.CH,X 
T  CH'  ro 

\CH,.CH,/ 

Oxo-  or  Ketohexamethy'.ene 
[Cyclohexanoo] 


CH,  .  CH, .  CH,CO.H 
CH, .  CH, .  CH,COjH 

Suberic  Acid 

CH,.CH,.CH^co 

CHj.CHj.CH,/ 

Sober  oce 

[CyckW-^^ 


JEt StaSTJEl  **  h  *hcT  dicarboxTlic  acids  are 

Se  “e  T  **?  H  k  not  known  whether  they**** 

1S91Y  Pl  0leCular  I<Mlnala  or  a  multiple  of  it  (B.  27,  R.  405  ;  C.  rfj*  lU 

»32FM°o.h.  --•rn-uw  *-£3 


reduced  sileer,  to  ijo-MoVl'XSpp^  £ 


PIMELIC  ACID. 
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„  Melhvi  Adipic  Acid  melts  at  64°.  a- Ethyl  Adipic  Acid  is  a  liquid  Methyl 
Adipic  Acidmt\L  at  89°  and  boils  at  210-212°  (14.5  mm.).  It  results  from  the  oxi¬ 
dation  of  pulegone  and  menthone  (A.  292,  148). 

da  -Diethyl  Adipic  Acids  have  been  prepared  from  the  corresponding  aard.alkylic 
ethylene  dimalonic  acids.  aarDimethyl  Adipic  Acid (see  B.  27,1578). 

Adipic  Acids  (see  B.  28,  R.  300).  a-Bromadipic  Acid  melts  at  131  (B.  28,  R.  466). 

Normal  Pimelic  Acid  [Heptan  diacid],  CHa<cn*  CH*.’cOaH  (A- 292> 
ico)  first  prepared  by  oxidizing  suberone,  and  from  salicylic  acid  through  the  action 
of  sodium  in  amyl  alcohol  solution  (A.  286,  259) ;  by  heating  furomc  acid  C7H805, 
with  HI  and  in  the  oxidation  of  fats  with  nitric  acid,  can  be  obtained  synthetically 
from  trimethylene  bromide  and  malonic  ester  by  beating  pentamethylene  tetracar- 
boxylic  acid,  which  is  the  first  product  of  the  reaction  (B.  26,  709).  It  melts  at  105  . 
When  its  lime  salt  is  distilled  [cyclohexanon]  is  produced  (p.  454  • 

Alkylic  Pimelic  Acids ,  a-,  /?-,  and  y- Methyl  Pimelic  Acids  melt  at  54 .49  ,  J"d 

c6°.  They  are  formed  when  the  o-,  m-,  and  p-cresotic  acids,  or  better  the  r 

dibrom-derivatives,  are  reduced  by  amyl  alcohol  and  sodium  (A.  295,  *73)-  1  e 

a-acid  may  also  be  prepared  from  the  corresponding  tetracarboxylic  acid  (B.  29,  729). 
aa.- Dimethyl  Pimelic  Acids  melt  at  8i°  and  76°  (B.  28,  R.  465)- 
aBa- Trimethyl  Pimelic  Acid  boils  at  2140  (15  mm.)  (B  28,  2943). 
aa.-Dib rompimelic  Acid  melts  at  141°  Its  diethyl  ester ,  boiling  at  224  (28  mm.), 
when  acted  upon  by  sodium  ethylate  becomes  A'-cyclopentene-dicarboxyl.c  acid 

Suberic  Acid  [Octan  diacid],  C8H1404,is  obtained  by  boiling  cor  s(  •  >3  ?)> 

or  fatty  oils,  with  nitric  acid  (B.  26,  R.  814).  It  melts  at  140  . .  s  e •  y  < 

at  280-282°.  It  has  been  synthesized  by  electrolyzing  potassium  e  y  g  • 

Suberone  (p.  454)  results  when  its  calcium  salt  is  distilled  (A.  275,  j5  )•  *  - 

dride  melts  at  62°.  The  dikydrazide  melts  at  185°.  The  diazide  melts  at  25  (B. 

29,1166).  See  also  i.6-hexamethylene  diamine,  p.  313*  .  .  .1  :tu 

Higher  dibasic  acids  are  produced  by  oxidizing  the  fatty  acids  or  o  eic  . 

nitric  acid.  They  always  form  succinic  and  oxalic  acids  at  the  sani(  1  •  ^en 

higher  acetylene  carboxylic  acids  usually  decompose  into  the  aci  s  n  2n 
oxidized  with  fuming  nitric  acid.  The  mixture  of  acids  that  resu  s  P.  .  . 
by  fractional  crystallization  from  ether;  the  higher  members,  eing  hreaking- 
separate  out  first  (B.  14,  560).  Such  acids  have  also  been  producec  n 
down  of  ketoximic  acids  through  the  action  of  concentrated  ; su  p  iur'  *r 

sebacic  acid  from  ketoxime  stearic  acid.  See  p.  285  f°r  imP° 
reaction.  f  1  l 

Lepargylic  Acid,  C9H1604,  Azelaic  Acid  [Nonan  diadd],  is  froIJ 

oxidizing  castor  oil  (B.  17,  2214).  It  melts  at  106°.  It  can  je  j  .  ,  -je 

pentamethylene  bromide  and  sodium  acetoacetic  ester  (B.  26,  2249). 

Sebacic  Acid,  C10H18O4  [Decan  diacid],  is  obtained  by  the  diy 's°°aj£ 
oleic  acid,  by  the  oxidation  of  stearic  acid  and  spermaceti,  rom  ,  at  ,,10. 

5^id,  and  from  heptane  tetracarboxylic  acid  (B.  27,  R.  4t3)*  e 
The  anhydride  melts  at  78°.  ,  ,  ,  .  „  ,  -nicjc  acids, 

Brassylic  Acid,  C11HJ0O4,  obtained  by  oxidizing  behenoleic  an 
melts  at  114°  (B.  26,  639,  R.  795,  81 1).  .  .  T»  mplt?  at  I  ?2°. 

Roccellic  Acid,  C17H3a04,  occurs  free  in  Rocella  tinctona.  It  m 
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B.  OLEFINE  DICARBOXYLIC  ACIDS,  CnH2n_404. 

The  acids  of  this  series  bear  the  same  relation  to  those  of  the  oxalic 
acid  series  that  the  acids  of  the  acrylic  series  bear  to  the  fatty  acids. 

The  free  acid  hydrates  of  all  the  acids  of  the  oxalic  series  are 
known,  but  in  the  case  of  the  unsaturated  acids  there  are  some,  like 
carbonic  acid,  which  only  exist  in  the  anhydride  condition.  When 
the  attempt  is  made  to  liberate  the  acids  from  their  salts,  they  imme¬ 
diately  split  off  water  and  pass  into  the  corresponding  anhydrides, 
e.  g.,  dimethyl  and  diethyl-maleic  anhydrides.  The  analogy  of  such 
acids  with  carbonic  acid,  to  which  reference  has  already  been  made 
(p.  290),  manifests  itself  in  the  following  constitutional  formulas  (A. 
254,  169;  259,  137): 


o=c< 


ONa 

ONa 


-i*-  O— C=0  -j-  HjO 


,ONa 

CH ,.  C_c/ONa 

II  > 

ch3  .  c_c=o 

Pyrocinchonate  or 
Dimethyl  maleate  of 
Sodium 


Pyrocinchonic  Acid 
(Does  not  exist) 


ch3  .  C — c=o 

II  >  +  H,0 

CH, .  C_C=0 


Pyrocinchonic  An¬ 
hydride. 


Hence,  dimethyl  and  diethyl-maleic  acids  cannot  contain  two 
car  ox)  groups  any  more  than  carbonic  acid  can  contain  them. 

WnntWhCiSa  •!.  in<!  6SterS  a  Hactone  ring  would  be  present.  The 
ypothetical  acid  hydrates  would  be  unsaturated  y-dioxy-lactones. 

with  the^uimUirated^ 'd  fc  ^  ^ ^av,ng  a  like  carbon  content  and  isomeric 
.  nSatUrated  dicarboxyhc  ac.ds,  will  be  discussed  after  the  cycloparaffins, 

Trimethylene  Dicarboxylic  Acid,  ^T^*>C(CO.  Hi 

Tetramethylene  Dicarboxylic  Acid  •  C02H 

z,  ,  ,  ,CH1-dH.CO,H 

Tentamethylene  Dicarboxylic  Acid,  CH  <rCH*  ~  CH  .  CO.H 

J<CH,-CH.COaH. 

merides H  C(CO  m  ^'d 

boxyhc  acid,  COaHCH  •  CH  CH  u  2  and  ethylene  dtcar- 

form  of  its  ester.  However  th  2H‘  F  le  firs.t  ,s  only  known  in  th.e 
acids,  which  it  is  customarv  tn  ^  are,two  acids,  fumaric  and  maleic 
ethylene  dicarboxylic  acid  ^  regard  as  different  modifications  of 

(a)  Alkylen  Malonic  Acids. 

Methylene  Malonic  Ester,  CH  •  c*-COjC.Hk  . 
of  methylene  iodide  and  2  molecules  of  sodh  '  'S  pr0duCed  when  1  m0'KU 

ethyl  ester  (together  with  |3-ethoxy-iso-succ?r,'e  eM^C1H°no  TH^CHlCO.Hh 
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(B.  23,  R.  194 ;  22*  3294 ;  A.  273, 43,  p.  4S6).  Under  diminished  pressure  it  distils 
as  a  mobile,  badly  smelling  oil.  If  allowed  to  tand,  it  soon  changes  to  a  white, 
solid  mass,  (C^H^O^j.  The  liquid  ester  deports  itself  like  an  unsaturated  com* 
pound.  It  unites  with  bromine.  See  also  ,3-oxyisosuccinic  acid,  p.  486. 
r  Ethidene  Malonic  Ester,  CH3  .  CH  :  C(COjCjH5)j,  is  formed  by  the  condensation 
of  malonic  ester  with  acetaldehyde  on  heating  with  acetic  anhydride  (A.  218,  145). 
It  boils  at  1 1 6°  under  a  pressure  of  17  mm.  When  saponified  with  baryta  water  it 
yields  an  oxydicarboxylic  acid,  CjH-(OH)(COjH)r  It  combines  with  malonic  ester 
on  heating,  and  becomes  ethidene  dimalonic  ester. 

The  condensation  of  malonic  ester  with  chloral  may  be  effected  by  heating  them 
with  acetic  acid  anhydride,  the  product  being  the  diethyl  ester  of  Trichlorethidene 
malonic  acid,  CCI3  -  CH  :  C(COjH)j,  a  thick  oil,  boiling  about  l6o°  under  23  mm. 
pressure.  Isopropylene  Malonic  Acid,  (CHj'ljC :  C(COjH melts  at  170°.  Its  ethyl 
ester, boiling  at  176°  (120  mm.),  is  obtained  from  malonic  ester  and  acetone  by  means 
of  acetic  anhydride  I B.  28,  785,  1122). 

Allyl  Malonic  Acid,  CH2  :  CH  .  CH, .  CH(CO,H)r  is  obtained  from  malonic 
ester  by  means  of  allyl  iodide.  It  crystallizes  in  prisms  and  melts  at  103°  (A.  216, 
52).  Compare  y-valerolactone,  p.  344.  and  carbovalerolactonic  acid,  p.  494-  See 
B.  29,  1856,  for  ethyl-allyl-malonic  acid  and  its  homologues. 

(b)  Unsaturated  Dicarboxylic  Acids ,  in  which  the  carboxyl  groups 

are  attached  to  two  carbon  atoms  (p.  45^)*  , 

Formation.—  They  can  be  obtained,  like  the  acrylic  acids,  from  the 
saturated  dicarboxylic  acids  by  the  withdrawal  of  two  hydrogen  atoms. 
This  is  effected  (1)  by  acting  on  the  monobrom-derivatives  wit:.  a*  'a* 
lies : 

CjH3Br(COjH),  -f-  KOH  =  CjHjCCC^H),  -f  KBr  +  HjO; 

Bromsuccinic  Acid  Fu marie  Acid. 


or  the  same  result  is  reached  (2)  by  letting  potassium  iodide  aci  up 
the  dibrom-derivatives  (p.  277).  Thus,  fumaric  acid  is  termed 
both  dibrom-  and  isodibrom-succinic  acids : 


CjHjBr^COjH),  +  2KI  =  CjH^COjH),  +  2KBr 


b; 


4  2  i  'Z  *  “ 

tnd  mesaconic  acid,  QH.CCO.H),,  from 

artaric  acids,  C.H.Br.i CO,H),.  As  a  general  thing  the  un 

icids  are  obtained  (3)  from  the  oxydicarboxylic  acids  ) 

ion  of  water  (p.  458).  .  ,  .  _ _ .  tendency  to 

Deportment. — The  acids  of  this  series  show  t  e  >  *  ,  nionocar- 

iddition  reactions  as  w-as  observed  with  the  unsa  u  saturated 

boxylic  acids.  Thus  (1)  hydrogen  causes  the: m  *o  mve  d  (  x  haio- 
iicarboxylic  acids;  (2)  haloid  acids  (particular  y  |  .  When 

?ens  convert  them  into  haloid  saturated  dicarbox)  1  occurs  with  the 
heated  with  caustic  potash  an  addition  of  h\  rog  ,  again,  are 
production  of  monoxy-saturated  dicarboxylic  aci  s  >  nPement  among 
molecularly  rearranged  (B.  26,  2082).  Sue  ^  re  -ds  (compare 

isomerides  has  been  induced  by  boiling  "at.er  ,  :tac0nic  acids), 
fumaric  and  maleic  acids,  mesaconic,  citraconic  a  ted  dicar- 

(5)  Potassium  permanganate  oxidizes  some  o  «jn  series.  (6) 

boxylic  acids  to  dioxy-dicarboxylic  acids  01  P  saturated 

Amido-  and  substituted  amido-dicarbox)  ic  acl 
39 
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series  have  been  obtained  by  the  addition  of  ammonia,  aniline  and 
other  bases.  na 


(7)  The  acids  of  this  series  combine  with  diazoacetic  acid,  yielding  nyrazolin* 
derivatives  (A.  273,214;  B.  27,  868),  which  pass  into  trimethylene  derivatives  h* 
the  elimination  of  nitrogen  (p.  366) :  7 


co2c2h5ch 

II  + 

co2c2h5ch 


chco2c2h5 


/ 


N 


Fumaric  Diazoacetic 

Acid  Ester 


C02C2H6.CH— CHCO2C2H5 

co2c2h6.ch  n 

N 


C02CoH5CH--CHC02C2H5 

CO-CoHsCH^ 


+  n2. 

[i»  2,  3l-Trimethylene 
Tricarboxylic  Ester. 


Fumaric  and  maleic  acids,  the  first  members  of  this  series,  are  by  far 
the  most  important  acids  of  their  class. 

Fumaric  Acid,  C2H2(C02H)2,  occurs  free  in  many  plants,  in  Ice¬ 
land  moss,  in  Fumana  officinalis  and  in  some  fungi.  It  is  formed  (1) 
when  inactive  and  active  malic  acid  are  heated  (water  and  maleic 
anhydride  and  other  products)  (B.  12,  2281;  18,  676);  (2)  in  boil¬ 
ing  the  aqueous  solutions  of  monochlor-  and  monobrom-succinic  acids; 
(3)  by  heating  dibrom-  and  isodibrom-succinic  acids  with  a  solution 
ot  potassium  iodide;  (4)  synthetically  from  dichlor-  or  dibromacetic 
acid  and  silver  malonate;  (5)  from  maleic  acid  (see  the  conversion  of 
fumaric  and  maleic  acids  into  each  other).  It  may  be  prepared  by 
boiling  brom-succinyl  chloride  with  water  (B.  23,  3757). 

Properties.  It  is  almost  insoluble  in  cold  water.  It  crystallizes 
rom  ot  water  in  small,  striated  prisms.  It  sublimes  at  200°,  and  at 
ug  er  temperatures  decomposes,  forming  maleic  anhyTdride  and  water. 


bJhimSi!alt  rii  is  very  insoluble; 

when  hr.il  a  ~t~  3aq,  consists  of  pri“ 

water.  Change  t0  C4HA^-<.  ...  „  pi*™, 

leading  HC1  l^e  silver  salt  by  the  action  of  alkyl  iodides,  and  by 

They  L als0 'J] leohohc  sdutions  of  fumaric  and  maleic  acids  (B.  12.  228-  ; 
acid  and  aceto-malic  arid  ru  dlst']lati°n  of  the  esters  of  brom  succinic  acid,  ma| 
esters  (see  p  459 and 11 A? *’  R*  8l 3)*  They  are  also  obtained  from  maleic 
763).  They  unite  2l^r  f  •  ^iazoacetlc  esters  on  the  application  of  heat  (B.  9’ 
The  C  Hr,COg  c'SY*  dibr°msuccinic  acid.  „  Tbe 

ethyl  crisis  liquid,  and’boiU  at  2i8»!|  K  ‘S  S'  ,I02°'  and  bolls  at  192  ' 

acetoSk  hmaa7  ,h'  Pow«  of.ddta^  themsel.es  to  .hem,  t.g;  «*** 

acetic  ester  (B.  25,  R  est.er  (B-  24.  309,  2887,  R.  636),  sodium  cya 

pcfWy  Chloride  COcicHaCliC  off  ft’  ,365'  P1^1  azoimide-  etc. 

5  ?cts  uPon  fumaric  acid  ( R  ,9  ^  ”  '  9^ 1  ^1,  boiling  at  l6o°,  is  produced  , 

chloride  (A.  Suppl.  2,  86)  and  Br°mine  converts  it  into  dibroonsucc 

P”TP  a «  “wdS'e P'ride 

Fumaramic  Acid,  CONH  ru\  r*.T  at  80 0  (B.  29,  1726).  J  .  pr 

asparagine  is  acted  upon  with  methvlW-eF0*11,  meIts  at  2I7°-  If  is  fornl<:d  " 
l"  n  mar  amide,  CONH.ru  __  ,2dlde  and  caustic  notash  (A.  2SQ.  137)- 

rumarhy 
composition 


rumaramtc  4dd,  CONH  ru.r£  at  8o°  (B-  29,  1726). 
asparagine  is  acted  upon  with  methvr^P^’  melts  at  2I7°-  It  >s  formed 
Fumaramide,  CONH  CH  —  rif  rd'deand  caustic  potash  (A.  259,  *37)- 
/•  u mat hydrazid t ,  N H, .  NH  CO  melts  at  266°  (B.  25,  643)-  .  ,  Ae 

nposinon  at  220°.  Fupnam»'j  ^  5  CH .  CO.  NH  NH  melts  with 

h  alcohol  yields  F,w,a, "a '  ?  exPlodes  easily,  and  when  bf»l« 

\  •  2Q4  Iv.  23I ). 
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Fumaranilic  Acid ,  CONHC6H5CH  =  CH .  C02H,  from  the  corresponding 
chloride  and  water,  melts  at  230-23 1°.  Fumaranilic  Chloride ,  CON H  .  C6H5 .  CH  = 
CH  C0C1,  melting  at  119-120°,  crystallizes  from  ether  in  transparent,  strongly 
refracting,  sulphur-yellow  colored  prismatic  needles  or  plates.  It  is  produced  when 
aniline  acts  upon  fumaryl  chloride  in  excess.  Fumardianilide ,  CONHC6H5CH  = 
CHCONHC6H5  (A.  239,  *44)- 

Maleic  Acid,  C4H404,  melting  at  130°,  boils  at  160°  with  decom¬ 
position  into  maleic  anhydride  and  water.  Its  anhydride  is  formed  as 
mentioned  under  fumaric  acid  : 

(1)  By  the  rapid  heating  of  malic  acid. 

(2)  In  the  slow  distillation  of  monochlor-  and  monobromsuccinic 
acid,  as  well  as  acetyl  malic  anhydride  at  the  ordinary  pressure. 

(3)  By  the  action  of  PC15  upon  malic  acid  (A.  280,  216). 

(4)  Maleic  acid  is  formed  synthetically,  in  small  amount,  when 
silver  or  sodium  acts  upon  dichloracetic  acid  and  dichloracetic  ester. 

(5)  Maleic  acid  is  obtained  on  decomposing  trichlorphenomalic 
acid  or  /9-trichloracetoacrylic  acid  (p.  382)  with  baryta  water. 
Chloroform  is  produced  at  the  same  time. 

(6)  From  fumaric  acid  (see  transformations  of  fumaric  and  maleic 
acids). 

Maleic  acid  crystallizes  in  large  prisms  or  plates,  is  very  easily 
soluble  in  cold  water,  and  possesses  a  peculiar,  disagreeable  taste. 

Salts. — C4H204Ag2  is  a  finely  divided  precipitate.  It  gradually 
changes  to  large  crystals.  C4H204Ba  -|-  iaq  is  soluble  in  hot  water, 
and  crystallizes  well. 

salt^6  CSterS  resu^  from  the  action  of  alkyl  iodides  upon  the  silver 

boiW^o^  rn’  C2H2(C02 -CHj)2,  is  a  liquid,  and  boils  at  205°.  The  ethyl  ester 
e  .  1  225  •  'Vhen  heated  with  iodine  they  change  for  the  most  part  into  fumaric 


Maleic  Anhydride,  ^^>0,  melting  at  530  and  boiling  at  202°, 

read^11^  ^  distilling  maleic  or  fumaric  acid  alone,  or  more 
chlor^  h  acet'l  chloride;  (3)  by  the  distillation  of  mono- 

uvj  rA  ai/  \  mono^romst,ccinic  acids,  and  also  of  aceto-malic  an- 
fumal.v  ^  -  j  254>  155)  \  (4)  when  PC15.  P205  and  POCl3  act  upon 
chlonf  aC/i5^'  2^’  255)-  I*  's  purified  by  crystallization  from 
havina^f1  •  '  I2’  22^r  »  *4»  254d)-  It  consists  of  needles  or  prisms, 

"'ith  w  ?  amt  ^  Penetrating  odor.  It  regenerates  maleic  acid  by  union 
bromine^  anC*  ^orms  isodibromsuccinic  anhydride  when  heated  with 

MaUtc  Chl°ri*‘  (B.  18,  1947). 

/NH. 

Maletnutni  •  ,  •  CONH2  CH .  C^— OH 

*c  Acid,  ||  or  ||  q  melts  at  152-1530.  Its 

ionium  salt  fom  CHu'  C00H  .  CH  •  C=° 

iornis  when  ammonia  acts  upon  maleic  anhydride.  Aqueous  potash 
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converts  the  acid  into  maleic  acid,  whereas  fumaric  acid  results  when  it  is  treated 
with  alcoholic  potash.  Maleinmethylamic  Acid  melts  at  1490  (B.  29,  653) 

/NHC6H5 

CH  .  CO  .  NH  .  C6H5  CHC^-OH 

Malelnanilic  Acid,  ||  or  ||  /O  (?),  melting  at  187- 

CH .  COOH  CHC==0 

187. 50,  is  formed  when  aniline  acts  upon  an  ethereal  solution  of  maleic  anhydride. 
Heated  under  greatly  reduced  pressure  it  splits  into  maleic  anhydride  and  aniline, 
which  reunite  in  the  receiver  to  malelnanilic  acid.  Alcoholic  potash  and  baryta  water 
convert  it  into  fumaric  acid  (A.  259,  137). 

CHCCX 

Malcinanil ,  ||  ^NC6II6,  melting  at  90-91°,  results  upon  heating  aniline 
CHCCr 

malate.  It  consists  of  bright  yellow  needles.  It  combines  readily  with  aniline, 
forming  phenylasparaginanil  (A.  239,  154),  melting  at  210-211°. 

Alalelnhydrazitie ,  C02H  .  CH  :  CH  .  C02N2H5.  See  also  dimethylketazine,  p. 
220. 

CH  .  C=N .  NH2 

Amtdomaleinimide,  |j  >0  ,  melting  at  III®,  is  obtained  from  maleic 

CH .  CO 

anhydride  and  hydrazine  hydrate  in  alcohol.  When  its  solution  is  heated  it  changes 
CH  .  CO  .  NH 

to  Maleinhy dr  azide,  ^  ,  consisting  of  little,  white  crystals,  which  do  not 

melt  at  250°.  It  is  a  strong  acid. 


BEHAVIOR  OF  FUMARIC  AND  MALEIC  ACIDS. 

I.  Acetylene  is  formed  when  the  alkali  salts  of  these  acids  are  electrolyzed 
(p.  96). 

2  wf'UI!  amalgam,  or  zinc,  reduces  them  both  to  succinic  acid. 

.  .  ben  heated  to  ioo°  with  caustic  soda  both  acids  change  to  inactive  malic  acid 
(A.  269,  76).  * 

4.  Fumaric  and  maleic  esters  react  with  sodium  alcoholates  to  form  alkylic  oxy- 
succimc  acids  (B.  18,  R.  536). 

5*  Bromine  converts : 


6. 


Fumaric  acid 
Fumaric  ester 
Fumaryl  chloride 
Maleic  anhydride 


into  dibromsuccinic  acid. 

“  ester, 
succinyl  chloride, 
isodibromsuccinic  anhydride. 


U 

« 


Potassium 


permanganate  changes  (B.  14,  713) : 


Fumaric  acid 
Maleic  “ 


into  racemic  acid. 

“  mesotartaric  acid. 


ERSION  OF  FUMARIC  AND  MALEIC  ACIDS  INTO  EACH  OTHER* 

2sv  S3r3.fiTbLm«  Lfe‘;d„hydri™,ed  with  Pcis' poa*  *nd  PA  (A' 268, 

(4  By  t?e  acdon  of  toM^HCl  t0  2°°°  (B‘  27,  1365)-  .  ,R  a4, 

823),  as  well  as  by  the  action  Af  1  ^  and  otlier  acids  ;  SOa  and 
U)  On  heating  mak  c  este  wiif  ^'T  ln  sunlight  (B-  *9,  R*  ™So). 

(d)  Alcoholic  potihchaSes  mX?1"6  fumaric  asters  VesuU.  . 

8  einamic  and  malelnanilic  acids  to  fumaric  a 


R 
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THE  ISOMERISM  OF  FUMARIC  AND  MALEIC  ACIDS. 

The  view  generally  accepted  as  to  the  cause  of  the  isomerism  of  these 
two  acids  was  presented  in  the  introduction,  under  the  section  relating 
to  the  geometrical  isomerism,  the  stereoisomerism  of  the  ethylene 
derivatives  (p.  49).  In  conformity  with  this  representation  we  find 
in  male'ic  acid,  readily  forming  an  anhydride,  an  atomic  grouping, 
which  follows  the  plane-symmetric  configuration,  according  to  which 
the  carboxyl  groups  are  so  closely  arranged  with  reference  to  each 
other  that  the  production  of  an  anhydride  follows  without  difficulty. 
Fumaric  acid  is  not  capable  of  forming  an  anhydride,  hence  it  has 
the  central  or  axial  symmetric  structure. 

These  space -formulas  satisfactorily  represent  the  intimate  connection 
existing,  as  shown  by  Kekule  and  Anschutz,  between  fumaric  and 
racemic  acids,  and  maleic  and  inactive  tartaric  acids.  According  to 
the  van  t’Hoff-Le  Bel  view  of  these  four  acids,  the  oxidation  of 
fumaric  to  racemic  acid  by  means  of  potassium  permanganate  and 
maleic  to  mesotartaric  acid,  may  be  shown  by  the  following  formulas, 
which  have  a  spacial  significance  (compare  p.  49)  : 


2. 


CO,H 

H — C— CO,H  H— *C— OH 

+  20  +  2H20  =  | 

HO— *C— H 


C02H — C — H 
Fumaric  Acid 

H— C— C02H 
H — C — COsH 

Maleic  Acid 


+ 


co2h 

Dextro-tartaric  Acid 

CO.H 

H— *C— OH 

-f-  O  -)-  H20  =  | 

H — *C— OH 

Ao2h 

Mesotartaric  Acid. 


C02H 
HO— *C-H 
H— — OH 
CO,H 

+  Laevo-tartaric 
Acid  =  Racemic  Acid. 


The  oxidation  of  the  two  acids,  based  on  stereochemical  formulas, 
is  so  represented  that  upon  severing  the  double  linkage  in  fumaric 
acid  by  the  addition  of  hydroxyl  groups  an  equal  number  of  mole¬ 
cules  of  dextro-  and  laevo-tartaric  acid  results,  while  by  the  rupture 
of  the  double  linkage  in  maleic  acid  only  mesotartaric  acid  is  formed. 


Cognizant  of  this  view,  J.  Wislicenus  has  sought  to  explain  the  conversion  of 
maleic  into  fumaric  acid  by  hydrochloric  acid  in  the  following  manner .  n  ies 
two  acids  the  two  doubly-linked  carbon  atoms  cannot  rotate  independently  ot  eacn 
other,  consequently  not  in  opposite  directions,  but  when  the  double  union  is 
y  ,^Je  addition  of  two  univalent  atoms,  then  free  rotation  is  restore  .  t  ccf>r‘.’nj= '  .  j 
J.  Wislicenus  explains  the  conversion  of  maleic  acid  by  means  of  by  roc  1  °_ 
into  fumaric  acid  as  follows:  Considering  the  extreme  ea<e  with  which  maleic  acid, 
m  contrast  to  fumaric  acid,  lends  itself  to  the  formation  of  addition  products  (B.  I:  . 
2282),  it  first  absorbs  the  elements  of  the  mineral  acids  (e.  g.,  HC1),  a'^becomesa 
substituted  succinic  acid,  which,  under  the  directing  influence  of  the  greater  affinities, 
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assumes  the  preferred  configuration  (in  which  similar  groups  are  f  1, 
from  each  other  as  possible)  by  the  rotation  of  the  one  system  in  o  fu,1>’  amoved 
other,  and  now  in  consequence  of  the  influence  conditioned  bv  thffr'i'011  to  lhe 
hydrochloric  acid,  due  in  part  to  the  water  present,  and  in  parU^tb?  "g'°ff  of 
bility  of  fumaric  acid,  changes  to  this  acid.  e  sParing  solu- 


hcico2h 

Cl  C02H  h 

H— C— C02H 

II 

Y 

+  HC1  V 

c 

II 

H— C— C02H 

— >  1 

c 

1 1 

— u 

t 

/l\ 

/l\ 

hhco2h 

H  H  CO„H 

Maleic  Acid 

Monochlorsuccinic  Acid 

previous  to 
rotation 

after  rotation 

H-C-COjH 


Fumaric  Acid. 


in  the  preferred  position 

However,  the  intermediate  product,  monochlorsuccinic  acid,  is  known  in  the  free 
con  1  ion,^t  at  is,  in  the  preferred  configuration.  It  is  stable  toward  hydrochloric 
aci  a  10  ,  and  its  anhydride  unites  with  water  to  the  original  acid,  instead  of  yield* 
**?anc  ac|d,  although  in  so  doing  the  monochlorsuccinic  acid,  as  predicted  by 
t  t*1S  lc~nus’  conversion  of  maleic  into  fumaric  acid  would  change,  through 

T°^V0nur0^  ?e  ^eSS  ^avorat>^e  to  the  preferred  configuration  (Anschutz,  A.  254, 
tv  '*  ,  1S  no  means  the  only  fact  with  which  the  preceding  explanation  of 

mec  anism  of  the  reactions  showing  the  conversion  of  fumaric  into  maleic  acid, 

*6  r  “  ?7 A. cit7; (S“p2T6) b  2°'  3306;  24,  R.  822;  24,  3620,  25,  R.  4.«i 

cnmp  ?fetLntr°du<:tjon  to  tl16  unsaturated  dicarboxylic  acids  it  was  shown  that  at  least 
broke  HmvISe  S  C0U  d  onty  ex*st  in  the  anhydride  form,  as  their  hydrate  forms 
These  nekls"1  e-  rn.oment  °P  their  liberation  from  salts  into  anhydrides  and  water, 

acids  The  in,Vmate,y.  related  to  maleic  acid ;  they  are  the  dialkylic  maleic 

they  change  n°a  ^  'f  a<?ds  are  capable  of  existing  in  hydrate  form,  althoug 
anaWy  wfth  maleIc  acid  to  their  anhydrides.  Considering  the 

derivatives  of  a  h™  ^,d’  sa'ts  dialkylic  maleic  acids  may  be  viewed  as 

attached  to  the  same^  'f1103  acid  hydrate,  in  which  the  two  hydroxyl  groups  are 
maleic  acid  and  with^h*"  atom’  and.  this  view  may  be  considered  to  prevail  wi 
maleic  acids  The  assnm  *.•  moaoa^ Ikylic  maleic  acids,  so  similar  to  the  dial  y 
acid  and  maielcadd X  PJ?n  U,,at  fumaric  acid  is  symmetrical  ethylene  dicarboxylic 
wise  renders  a  sterenrVi<w  i°xylactone  corresponding  to  this  dicarboxylic  ac,d  in  , 
stereochemical,  different  ar^  formuIatlon  of  the  two  acids  impossible.  Probab  y 

ture,  of  the  atoms  contained"^^^  an<?  tlle  dlfferent  position,  in  the  chemical  s 
168) :  d  m  both  acids  mutually  influence  each  other  (A-  254* 


/OH 

H  .  C .  C— OH 

II  >0 
H  .  C . CO 

Maleic  Acid. 


H . C . COOH 

co2h.c.h 

Fumaric  Acid  ....  .  . , 

T t  _  __  Maleic  Acid. 

However,  even  this  ’ 

reactions  by  which  theseadds^?;  d°eS  not  afford  a  satisfactory  explanation  of  jj 
for  the  history  of  the  iSOme rism  of  Cf?nverted  into  each  other.  Consult  A.  239-  161 
The  vanous  ideas  as  to  t  fumanc  a"d  maleic  acids 

COnSlv  lhe  ^esd°onthaes  °f  f™a™  and  ™leiC  **  " 

the  acids ^ '  Tt?”1'011  may  be  directed  to  tv^  °£ile  douhle  linkage  (p.  51)-  .  0 

atomic  moti  Would  indicate  that  the116  dlfference  in  the  heat  of  combustion 
m°t,0n*  IS  markedly  diffe  en  ‘  1.T,ergyfPresent  in  the  acids,  in  the  form  o 

ent-  Tins  fact  suggests  the  possibility  that  th 
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Dichlormaleln  anil  chloride ,  melting  at  123-1240,  boiling  at  170°  fn  mr_  \  . 

ppl  _  /'v'l  *A1  mm*J  IS 

produced,  together  with  tetrachlor-v-phenyl  fivrroL  \  ~  r  « 

CCI  =  cCi  *  ^n5>  siting 
at  930,  on  treating  succinanil  with  PC16.  By  reduction  it  yields  d-anilido  butvri, 
lactam  (see  succinimide,  p.  448).  Alcohols  convert  it  into  dialkylic  esters:  dicklor- 
malein-aml-dimethyl  ester,  melting  at  no0;  while  with  aniline  it  yields  dichlor 
malemdianil,  melting  at  186—187°  (A.  295,  27) :  1  ° 


CH..CO 


i 


H, .  CO 


>N .  C6H5 


Succinanil 


»  CC1=CC1 
I  >N 
CC1=CC1 
n-Phenyltetrachlorpyrrol 


c6h5 


4pcij  cci .  cci2 

- ^  II  >NC6H5 

CCI .  CO 
Dichlormaleinanil 
Chloride 

*CCl.C(OCH3)2 

II  >n.c6h5 

CCI .  CO 

Dichlormaleinanil 
Dimethyl  Ester 


10H 


ch2-ch2 


.  >N.C6H5 

ch2— CO 

y-Anilidobutyric 

Lactam 

CCI .  c=nc6h5 
II  >nc6h5 

CCI.  CO 

Dichlormaleindianil. 


Dibrom-malelc  Acid,  C2Br2(C02H)2,  is  obtained  by  acting  on  succinic  acid  with 
Br,  or  by  the  oxidation  of  mucobromic  acid  with  bromine  water,  silver  oxide  or  nitric 
acid.  It  is  very  readily  soluble,  melts  at  1200— 1250,  and  readily  forms  the  anhydride , 
C2Br2(C0)20,  which  melts  at  1150  (B.  13,  736).  Chlorbrom-maleic  Acid,  see  B.  29, 
R.  186. 

Dibrom- fumaric  Acid,  melting  at  219-2220,  and  Di-iodofu?naric  acidy  decomposing 
at  192  ,  aie  the  additive  products  of  bromine  and  iodine  with  acetylene  dicarboxylic 
acid  (B.  12,  2213;  24,  4118). 

Acids,  C5Htt04  =  C3H4(C02H)2. — Eight  dicarboxylic  acids,  having 
this  formula,  aie  known.  There  are  four  unsaturated  acids  isomeric 
with  ethidene  malonic  acid  described  on  p.  457  :  (1)  Mesaconic  acid, 
(2)  Citraconic  acid ,  (3)  Itaconic  acid ,  (4)  Glutaconic  acid ,  and  three 
tri  methylene  dicarboxylic  acids.  Mesaconic  and  citraconic  acids  bear 
the  same  relation  to  each  other  as  fumaric  to  maleic  acid.  They  show 
similar  conversions  of  one  into  the  other.  These,  however,  occur  less 
readily  than  in  the  case  of  the  latter  acids  (B.  29,  R.  412)  The  in¬ 
troduction  of  the  methyl  group  increases  the  tendency  of  citraconic 
uu' •  !e,ry  coJlslderably  to  break  down  into  its  anhydride  and  water. 

11s  a  "es  p  ace  at  ioo°  under  diminished  pressure  (compare  chloral 


hydrate), 
to  citraconic 


,  ,  .  uLimiiisneu  pressure  1  compute  7 

Mesaconic  acid  is  more  easily  changed  by  acetyl  chloride 
11C  anhydride  than  fumaric  acid  to  maleic  anhydride. 
Furthermore,  maleic  anhydride  combines  more  readily,  and  therefore 
more  rapidly,  with  water  than  citraconic  anhydride.  ^ 

prepared  by  heating  dTraj  ha^nTaS  w?th  a^Klf jaterlo 2^° andT/^ 

sodium  hydrate  (B.  260.  82:  B  20  ^ .,C'd’conc-  halo»^  acids,  or  with  concentrat 


(2)  Citraconic  Acid, 'methyl  niaieic°acid"mllH  CUlty  ln„water  an.d  melts,at.2°2^r 
is  obtained  from  its  anhydride  by  heating  the  f°  and  easily  soluble  in  w  a • 

CH,  CCO  “earing  the  latter  with  water.  Citraconic  Anhy- 

arid.,  ’  II  >0,  melting  „„d  boiltag  «  2,3_2I4.,  is  aIso  fom,ed 


1ICC0 


3  'JI  X^  XIE  ~J5 


IT 


w  ax  ax  me saeanifi  scat-  sr 
frt7nr?^?t:  x**  nc  ssri  j.  xm 

”jmrjB^7r  9L  2.  ^arTgij^TTKir  sc  utt  i 


— ^?T~^<r  TTHTT  ¥  XX  B.y"T 

ire  rssLtnng  fnm 


x  i:  an:.,  nie. 
elx— icrife  pnmnrer  s:  ursi 

s  "T.Tmr^:  xl  raErr  is*  granc  idl£  IT  u*- 

if»f_winny  suers  h:  ac:  &.  r~. 


MI  _ 

in^oi^x  snr- 


•  ^rr  flMBk -  -  -  - ^ 

SbS  i  hflCal  ami  HAIfllqpBa  aAfifiai  pnflMk  ImAhb  -- 

:  :  ♦  :  i  ir'j-r  .  _  i  :  -f  -*  -/  -  ^  -  =  —  "  ~  ~ 

tie  ti^rrrti’ras  <a£  r /xi  icdcs. 

Cert^rm.^  Asad  m~ -J*  s:  «S^  ^  *54-  *S  - 

_  c _ CG3 

-~ a  3 


*r  Ar*£.  -&?"  cs^t  sate: 


iK~r^  b: 


CH« — COjH 

t*  r',  it  i'X’SUtO.  die  amen.  OC  33  ETJ-_‘  *  Li  ^--  ®  3f3=l  OBaCBBICBIMPr- 

<r/jJ  H  KSCK  TIi  W.  ^2T3  ef  ▼■2C.iT  B  I*-C  Fiy  “IttC.  ‘‘ 

pMHtnc  add.  za;  »ia  £*=^’-7^  r^1-  ;.,£-  *-T=,i  1  ?-,aei  ~ 

-ar-arr  acaC  (:  *5*2  JL  23-u  I3c  -  «=c  k  is  tKr.cc.  «s.  *=_3se.  Fee  _e  *1&* 
«  Kbc  «e  ^«  p.  i5«-  Tfe  ita-ir  «rr  7  poi^mae  to  m-* 
a Mfitoaw..  31x12251  recraedre  pa  ■  w  1.  14.  27*7;  A-  24a.  i-.- 

Amt  -  «*  -4  fc°^C*«3»- 

=c  Lb  prsealer  * js era deeacccsixo  feedas  cf  acockie  aod.  resc-dag 
Ti*^  acodbi  add  g^es 

U ex-rgage,  I2  has  facts  ofatasaaJ  cor  e  ^  (^3-  *S3g. ” 
riirtr  sai  byt*  ***»  of  atari  chioride  »R  13.  «&*4  -  J»  £* **•£“?  ^ 

----«  *•  ris^trt 

Is  CMrtt?  nil  •  2S  Sore  rexEj  lai  tbe  Uu=  ^-  --«--.oi.  ^  nre-ts  1 

151.5'^  (A.  *54,  MOj- 

Hcmsolognes  of  Mesa-.  Cina-  aad  I  laconic  Acids.  . 

fctfcrt  dbccssmg  ghaactnic  acid,  the  b.on^^^M.ic  i^^Uduced  when 

a  ^ic  ^vsZ ^3,  47)- 

cwiic  a/.vi,  or  prre^art anc  aod  (p.  492<  t,on>r,l<»nes  of  mesaconic  acid. 

Ibe  rrxxK^flk  maleic  acids  hare  peided 

//eawrtr,  lh<  dUlkjlu  im^^t^^BtU  «*£,  into  th*  oirr'-pcnJmg  duUijrhc 
hf  ‘em'rUd,  by  boiling  with  ec^rnt  of  cenain  itaconic  acids  into  isomen c 

fumaru  aridi  (B.  29,  *842).  rTbe  o”  ^.u^.  Ther  seem  to  bear  the  same 
alUonit  addi  with  caustic  ajKaI>\  V. '^.Lh  fumaric  and  maleic  acids.  The 

relation  to  each  rxher  &*  **? ol^tash  upon  the  dibrom-deriratires  of  the  mono- 
pr^ucts  of  the  action  of  jdeobolic  po*^.^  ^  alk y\  fumaric  acids ;  thus,  oxrtetnmc 
alkylic  acetr^acetic  esters  cthvl  famine  acid,  etc.  (p.  379)-  Further- 

acid  is  mesaconic  acid,  °?7P*??nh  '  obtained  from  monoalkylic  ethane  tncar- 

ZSEZ&fiSS&ttZ h)dnde  “d  co- af,er  ,he  ha,oge“  h”e 

been  introduced  (B.  24.  2008). 

Mono  alkylic  Fumaric  and  Malclc  Acids  :  ^  ^  B  p 

„,ir  .  AHa  ”Q4« .  Ethyl  Maleic  Acid,  ioo° ;  Anhydride,  229°. 
Ethyl  Fumanc  Acid^  n. propyl  Maleic  Acid,  940  ;  “  224. 

n  Propyl  Fumaric  Acia,  */4  ,  vs 

Isopropyl  Fumanc  Aad,  186  . 
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R/  Q  QQ 

Dialkylic  Maleic  Anhydrides :  O. 

R'.  C .  CCK 


(1 )  Dimethylmaleic  Anhydride,  Pyrocinchonic  Anhydride,  melts  at  96°  and 
at  2230. 

(2)  Methylethylmaleic  Anhydride  is  a  liquid  boiling  at  236-237° 

(3)  Diethylmaleic  Anhydride ,  Xeronic  Anhydride,  is  a  liquid  boiling  at  242°. 

Compounds  I  and  2  were  obtained  by  heating  the  condensation  product  of  succinic 

(or  pyrotartaric)  acid  and  pyroracemic  acid  to  130-140°  with  acetic  anhydride  ur/u] 
the  evolution  of  CO,  ceased  (A.  267,  204).  Xeronic  anhydride  results  when  citra- 
conic  anhydride  is  heated  with  a  return  cooler.  The  three  anhydrides  are  volatile  in 
steam ;  they  do  not  combine  with  water.  Their  hydrates  cannot  exist  They,  how¬ 
ever,  form  salts  and  esters  (see  p.  456). 

Dimethyl  Maleic  Anhydride,  or  Pyrocinchonic  Anhydride,  is  obtained  by  oxidizing 
turpentine  oil  (together  with  terebic  acid)  with  nitric  acid ;  also  by  heating  cincbon.c 
acid: 


CH, .  CH(CO,H) .  CH  .COjH 
CO-O - CH* 

Cincbonic  Acid 


CH,  .  C===C .  CH, 
-y  i  1 

CO — O — CO 

Pyrocinchonic  Anhydride. 


CO, 


ano  by  beating  a-dichlor-,  or  dibrom-propionic  acid  with  reduced  silver  (B.  18,  826, 
"35)*  Its  aqueous  solution  has  a  very  acid  reaction  and  decomposes  alkaline  car¬ 
bonates.  Its  solutions  acquire  a  dark-red  color  on  the  addition  of  ferric  chloride. 
It  is  reduced  to  2-dimethyl  succinic  acids  (p.  447),  and  with  chlorine  unites  to 
dimethyl  dichlor-succinic  anhydride  (B.  26,  R.  190).  Pyrocinchonic  acid,  boiled 
with  a  20  per  cent,  sodium  hydrate  solution,  yields  dimethyl  fumaric  acid  or  methyl 
1842^^  aCL1,  mdtiDg  **  24°°»  111(1  a  methylUaconic  acid,  melting  at  150°  (B.  29. 

Monoalkylic  and  dialkylic  itaconic  acids  result  from  the  action  of  sodium  or 
“  Ct/  dte  25®»  5°)  uP°n  the  corresponding  paraconic  esters  (p.  492). 

.  .es  eT.c,r  y "dimethyl  paraconic  ester  with  sodium  or  sodium  ethylate  yields 
teracomc  acid  or  y-dimethylitaconic  acid : 

CH  CO,C,H5 

+  Na  =^JJ*>C  =  C  —  CO,C,Hs  +  H 

^  *  £h  CO  Va 

Terebic  Ester  Sodium 

150°  wfthwater  ^4  “°g°'^ylic  c5traconic  acids  are  heated  to  14° 

y- Mcthylitaconic  Acid,  Etbidene  Succinic  Acid,CH*'  CH  =  ^  —  C03H  me]ts  „ 

itaconic  Acid  n“?t3/}.15°°  .(*“  PJTOcinchoilic0aCidj'^$i- 

conic  Acid  melts  at  160-165°  5  n'ProPyhtcuonic  Acid  melts  at  1590.  Isobvty 

Teraconic  Acid,  y-Dimetbylitaconic  Acid,  (CH3),C :  C<^Hro  H’  *  ^ 

pyroterebic  acid)  (see  tb.  f 

ale  (B.  a7,  ,  ,1  eater  ind  acetone  tvith  sodinm 

its  anhydride,  CH  O,  The  latter  Y  ’  .fecomPoslI»g  at  the  same  time  into  wat 
sulphuric  acid  cause  it  to  chanll  tn  ^  near  2?5°-  Hydrobromic  acid  or  beat  and 

Dimethyhtaconic  Acid,  melting  about  T,Jo-  28z’  28^-  .  ,  •_  acid,  t0 

which  it  seems  to  sustain  the  same  relrnhJ  ^  •  'S  ,somenc  WIth  teraconic  a  a 

uic  same  relation  as  citraconic  acid  to  mesaconic  acid. 


mimm&jymc  i/m  wAnm  muoamuc  4^7 


t*T,.tx  'jh  v,  ^  ’rrvsjuc  v;A  *ii  s'/ll  /E^,  B.  2£.  30&2j.  d-'cteyl- 

dMHstmu  Arid  mdkn  at  m*'"  i  A-  *•*.  2*j)- 

TW  <vw«*g  wutafm&eA  4karbwjje  aes^t  saj  a.*o  sisl^ceisc  : 


O  AtMt/Xi*-  hiSA. 


** <%?£$• 


aeC'inf  as  132s,  s  aasex  an±  ca,- 


^r4  fcVJ  iK^/ak  »»i».  a^d  V&xxxjt  -Z3WMMC  add ;  it  arise*  it  t^s  ixzfjL^x-js^xL 
<4<%,  SeaAtnjl  g  ata««x  «*»*  wiefc  fcjNkriJeric  add  (A.  222.  2491-  11  —  a-5° 
?>«**  dbtaNMil  iff  *i*e  actiot  of  barina  aycnee  sp*  ocm'ir  eszer  p.  4-5^  A  264. 
y,l .!,  I*»  «*c  ;<*#  *ep*rsse*  from  bv  tig  Kthekms.  Toe  ^7/  fr*»  therifcer 
t4u%  ‘//Jkat  2 37-234  ^  Tbe  anhydride,  producer:  by  heat-^g  g.-aacrr-ac  aac  222 
^varrjOWark  acid  Kdrait;,  or  by  treating  glstaconk  ads  wka  acetyl  chloride,  dc-3 
«  %2  5jj®  «i.  p,  *7'',  B  27,  %*2;.  Toe  »w*i?  sot>^  a:  1*3-1  M9-  It  *  tihtrinrri  1/ 
^/w  gfotaeowaaric  add,  <2  from  gliiwaiaiitf,  aod  (3/  fro“  oxygicaras^e  cpoo 
t4ii|>biinc  AMC^i  to  Sodrm  uyi  ooctctt  i.  ce&o 

daMKoMMSJm  inride;  mtroas  add  produces  an  NO  derivative;  distLl^  orer  zinc 
£***i  it  Usnob  yfrifitr*:,  zzA  whet*  t itzz&i  with  PQj^  pentachlyrpyrid&u,  CjG^N  =«c 

comtRutfon  of  pyridine),  remits.  „ 

3  Chlorylutaeonic  Acid  melts  at  195®;  H  »  formed  from  PCI,  and  acetooe  cic»- 
boxrtic  acid  f*e*  this) ;  compare  (p.  468)-  TdracaUrglu^conu Acid 

me it*  at  fO^-lIO®  ( B.  25,  VM/Jf.  Homcdoguc:  of  glutaconu  acid ,  see  a.  23,  ji/9  ♦ 
B.  27,  R,  193. 

Hydrotnuconic  Acid*. 

a&'A&d :  CO,H .  Cl 4 .  CH, .  CH  =  CH .  CO,H,  m.  p. »69°--*able  fcrm. 
fi/- Acid  i  CO*H  .Cll\.  CH  =  CH .  CH, .  CO,H,  m.  p.  ^--unstable  form. 

Ihe  unstable  modification  is  produced  by  the  redaction©!  dic^mn5c^!^^ 
rnu'ooic  acid  (see  below;,  and  diacetylene  dicarboxylic  aad  (P-  46*). 
with  difficulty  in  cold  water;  potassium  permanganate  oxidizes  it  to  ' 

It  change,  to  the  Uable  variety  on  boiling  w.th  sodmm 

nale  oxidize*  to  succinic  acid.  Sodium  amalgam  reduces  the  unstable  form, 
conversion  into  the  stable  variety,  intoadiptc  acidf  p.  4j4;- 

„„,c  w  .  . .  CH,  =  CH .  CH, .  CH .  CO,H  „  .  „  is  fonned 

Ally l  Sucanu  Acta,  CO  H 

from  allyl  ethenyl  tricarboxylic  acid  by  the  elimirmtion  of  CO,  (B.  z6,  333).  Allyl- 

mrlhyl  and  allylcthyl  succinic  '  2^j|  CH  .  C(CO,H)CH, .  CH, .  COtH, 

I tmjaleralylutanc  Acid,  (CH,),  }  ■  t-  _  0 

formed  together  with  di-isovaleral  gluunc  acid,  melts  at  75  • 


C.  DIOLEFINE  DICARBOXYLIC  ACIDS. 

,*  ..  ,ru  —  CHCIL),C(CO.H)„  melts  at  133°,  and  with 

Diallylmalomc  Acid,  (CH,  ^  CH*  TH,  .  blit.  C  .  CH, .  CH  •  ,CH, 

A  i  *  11 

CO  CO - o 


hydrobromic  acid  yields  a  dilactonc,  ^ 


M  down  into  CO,  .nd  dldlylj«dc  add  when  heated  (p.  289). 

Cll  ==  CH  .  C<Vi  j#  formed  when  alcoholic  potash  acts  upon 

Muconic  Acid,  l,  c,|  cq  if 

1  cr*rx'irlac'u\  It  melts  at  260°.  Duhlorviucomc  Acid > 

J'1  h'S' o"it:.nl,  wtyn  °FCI3.acts  npnn  made  acid  (U_  a4.  K-  629).  «  y“>da 

JjJ  hydwinoconic  acid  with  sodium  amalgam  (B.  23,  R.  232). 
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(CH3)2 .  CH .  CHj .  CH  :  C .  C02H 

Di-isovaleralglutaric  Acid,  d:Ha  >melts 

,  „  .......  ,  (CH,)!.CH.CHj.CH.C.CO,H 

at  2  20  ,  and  is  obtained  from  glutaric  acid  and  isovaleraldehyde  with 
acetic  anhydride,  sodium  ethylate  or  sodium  (A.  282,  357). 


D.  ACETYLENE-  AND  POLYACETYLENE  DICARBOXYLIC  ACIDS. 

a  1  _.  0.  C02H  -J-  2H2o 

Acetylene  Dicarboxylic  Acid,  |||  ,  is  obtained  when  aqueous 

.  ,  ,.  .  C.  CO,H 

or  a  co  o  ic  potash  is  allowed  to  act  upon  dibrom-  and  isodibrom-succinic  acid  (A. 
?72>  I2/).  It  effloresces  on  exposure.  The  anhydrous  acid  crystallizes  from  ether 
in  thick  plates,  and  melts  with  decomposition  at *175°.  The  acid  unites  with  the 
haloid  acids  to  form  halogen  fumaric  acids.  With  bromine  and  iodine  it  yields 
1  aogen  unianc  acids  (p  463)*  Its  esters  unite  with  bromine  and  form  dibrom- 
maleic  esters  and  dibromfumaric  esters  (B.  25,  R.  855).  With  water  they  vield 
oxa  acetic  ester  (B.  22,  2929).  They  combine  with  phenylhydrazine  and  hydrazine, 
torming  the  same  pyrazolon  derivatives  as  oxalacetic  ester  (B.  26,  1719).  And 
!"  enzene-imide  they  form  phenyltriazole  dicarboxylic  ester  (B.  26,  R. 

",  xa  ac^t,c  ester  an<^  acetylene  dicarboxylic  ester  are  condensed  by  alcoholic 

^rv  /,C°n,t,C  t?;,24’  127>  See  acetoxymalelc  anhydride  (p.  495)-  The 

comrwses  int!!  rn  S°  a  ’s  not  very  soluble  in  water,  and  when  heated  de- 

readflv  fntn  rn  °2  P°tass,um  propiolate  (p.  287).  The  silver  salt  breaks  down 
SS3  and  silver  acetylide(  A.  272,  139).  ‘i  he  diethyl  ester ,  boiling  at  itf- 
R  ’  ,1S  ?,  aiI?ec^  ^rom  dibromsuccinic  ester  with  sodium  ethylate  (B.  26, 

K.  706).  See  also  thiophene  tetracarboxylic  esters. 

p.  .  #  ^  •  co2h 

me  Acid,  |||  is  obtained  by  the  action  of  alcoholic  potash  (B. 

or^LT»JcidhJ"8lUUCOniC  “id  <p-  46»-  11  “e,ts  at  145-146°  with  evolution 

Diacetylene  Dicarboxylic  Acid,  g'  +  H.O,  is  made  by  the  ac*» 

smTeTTafV^j  ‘V  copp'r  compound  of  propiolic  acid  (B.  18,  678' 
a  loud  report.  Sodium  C°  °F  °a  exP?sure  to  Hght*  and  at  1 77°  explodes  with 

acid  and  at  the  same  tim#*  c  r  re^uces  it  to  hydromuconic  acid,  then  to  adip1 
boiling  at  184°  (200  mm  ^  ^  7^  U  UP  !n^°  Pr°pionic  acid.  The  ethyl  ester  is  an  01 
pargylic  ethyl  ether  *  1DC  an(^  hydrochloric  acid  decompose  it  and  yield  pr0 

Tetra-acetylcn.  Dicarboxylic  Acid,  ^ '  C°*H  Carton  diori* 

and Pthere  is  formed  the  sodiunfxalt  S  diacetylene  dicartxjxylic  acid  with  wa«A 
Q=C02Na,  which  cannot  be  nVt  •  °[  ^lacetylene  monocarboxylic  acid,  CH==  • 
potassium  acts  upon  the  Conner  enm  ^  m, a /ree.  condition.  When  ferricyanide  o 
acid  is  formed.  This  crystaUizes  f  mpounlJ  this  acid,  tetra-acetylene  dicarboxyl 

on  exposure  to  light  and  explodin/vM  beautiful  needles,  rapidly  darkening 

an  experiment  aide  *  'STLSS?  '8'  ' 
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Thus,  in  compounds  containing  more  than  one  hydroxyl  attached  to  the 
carbon  atom,  numbers  are  employed  to  express  the  formulas  of  ortho-derivato^ 
usually  only  stable  in  the  form  of  ethers.  When  a  carbon  atom,  of  a  hydrocarbon^’ 
joined  to  hydrogen,  and  no  hydrogen  atoms  are  replaced  by  hydroxyl,  this  is 
pressed  by  a  zero  : 


o 

H 


c£h 

XH 


I 

I 

.Oil 

CXH 

XH 


Methane  =  CH4  :  o 

II 

2 

/OH 

c<SH 


\ 


H 


III 

3 

.OH 

'OH 

^X0H 

XH 


IV 

4 

/OH 

C<0H 

X0H 


Ethane  =  CHS .  CH3  :  oo 


I 

IT 

III 

IV 

V 

VI 

00 

10 

20 

30 

22 

32 

33 

ch3 

11 

21 

31 

ch2oii 

CH(OH)2 

C(OH)3 

CH(OH)2 

1 

C(OH)3 

C(OH)3 

ch3 

ch3 

ch3 

ch3 

CH(OH)a 

1 

CH(OH)2 

C(OH), 

CH2 .  OH 

CH(OH)2 

C(OH)3 

ch2.oh 

ch2oh 

ch2oh 

ooo 


I 

IOO 

OIO 


II 

200 

020 

no 

IOI 


Propane  = 

CH3 .  CH, 

,-CH, 

:  ooo 

III 

IV 

V 

VI 

VII 

300 

310 

320 

303 

*322 

*210 

301 

*302 

321 

313 

*201 

220 

3” 

*312 

120 

*202 

*221 

*222 

in 

211 

*212 

121 

I: 


OOO  CH3 .  CH2 .  CH, 

ioo  CH2OH  .  CH2 .  CH, 
oio  CH3.CHOH.CH3 

II:  200  CH(OH)2 .  CH2 .  CH, 
020  CHsC(OH)..CH. 
no  CH2(0H)CH.6H.CH, 
CH2OH  .  CH2 .  CHjOH 


to  these  groups  of  numbers  : 


101 


III 


IV: 


300  C(OH)3  .  CH2 .  CH, 

*210  CH(0H)2 .  CH(OH)CH, 

*2oi  CH(OHt2CH2.CH2OH 
no  CH2OH.C(OH)2CH, 

CH2OH  .  CHOH  .  CH2OH 
C(OHl3 .  CHOH  .  CH, 

■  CH2 .  CH.OH 

CH  OH),  .  C(OH), .  CH 
CH(OH)2 .  CH2 .  CH(OH\ 
CH(OIi)2.  CH .  OH  CH  2  011 
ch2oh  .  C(oii)2 .  ch2oh'  °  1 


in 

310 

301 

220 

*202 

211 

121 


VIII 

323 


Propane 

n- Propyl  Alcohol 
Isopropyl  Alcohol 

Propionic  Aldehyde 
Acetone 

Propylene  Glycol 
Tiimethylene  Glycol 

Propionic  Acid 
Unknown 
Unknown 
Oxyacetone,  Ketol 
Glycerol 

Lactic  Acid 
Hydracrylic  Acid 
Pyroracemic  Aldehyde 
Unknown 
Glycerose 
Dioxyacetone 


*  Unknown. 
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y=° 

*302 

311 

*221 

*212 


C01T,.C0H..  CFLj 
COHjj.CH.  CH  OH. 

C  OH  , .  CHOH .  CH.OH 

ch  om, .  aoH  w .  ch.  on 

CH  OH', .  CH  [OH) .  CH  OH  . 

VI:  303  CfOH  CR.  COHV3 

321  CtOHrC(jH!.CH,OH 
*512  C  OH  , .  CHOH .  CH  OH’, 
*222  CH(OHi,.  C{OH  ..  CH  OH), 

C(OH\, .  C  OH  t .  CH  OH  , 
qOH^,.  CH^OH) .  C(OHij 

YHI:  323  ClOH^qOH^.qOH), 


VII: 


322 

3*3 


Prroracemk  Add 
Unknown 
Glyceric  Add 
Unknown 
Unknown 

Mslonic  Add 
Oxypyroracemic  Add 

Unknown 

Unknown 

Unknown 
Taitronic  Add 

Mesoxalic  Add 


There  are  29  imaginable  hydroxyl  substitution  products  of  propane,  and  eleven 
of  these  should  be  regarded  as  oxidation  products  of  glycerol,  which  w:..  again  be 
arranged  tcgether  under  their  formulas — that  is,  their  ortho-  formulas  minus 


w£t£r: 

CH,OH 

1 

CH.OH 

CHO 

1 

CHOH 

1 

CHjOH 

(211) 

G'ycerose 

CO,H 

ittOH 

1 

CH,OH 

C3*x) 

Glycenc  Acid 

CH,OH 

1 

CO 

CHO 

1 

CO 

CH, .  OH 

221) 

L  n  known 

CO,H 

1 

CO 

CH,OH 

Un) 

GiyceroS 

ill,.  OH 
(121) 

Dioxyacetone 

CH, .  OH 
(321) 

Oxypyro- 
racemic  Acid. 

CHO 

CHOH 

CO,H 

1 

CHOH 

COjH 

£hOH 

CHO 

CO 

CO,H 

CO 

1 

CHO 

(322) 

Unknown 

CO,H 

4oh), 

CHO 

(212) 

Unknown 

1 

CHO 

_t3I2) 

Unknown 

CO,H 
(SI3)  , 

Tartronic  Acid 

1 

CHO 

(222) 

Unknown 

CO.H 

(323) 

Mesoxalic 

Acid. 

Glyceric  acid,  taitronic  add,  and  mesoxalic  add  are  the  only  accurately  no 
resentatives  of  these  eleven  oxidation  products  ot  glycerol.  Tne  S  7. 
dioxyacetone  have  not  been  prepared  in  a  pure  state.  Crude  g  ycerose  i_  a 
of  these  two  substances.  Oxypyroracemic  add  has  received  very  tt  e  u  y. 

Three  hydrogen  atoms  in  glycerol  can  be  replaced  b>  alcohol  or 
acid  radicals ;  the  products  are  ethers  and  esters : 

f  O .  C,HsO 
C,hJ  0.C,H,O 
^  (  O .  C,HsO 

Triacetin. 


f  OH 
CjHs '  OH 

i  O.  C,H,0 
Acetin 


roH 

qhJo.CjHjO 

(O.CjHjO 

Diacetin 


C..H.CU 

Trichlorhydnn. 


The  haloid  esters  are  the  halohydrins : 

c,iyoH)tci  CjH5(oh)C1, 

Moiiochlorhydrin  Dichiorhydnn 

Formation.—  The  trihydric  alcohols  are  obtained  (1)  by  heating  the 
bromides  of  the  unsaturated  alcohols  with  water  ;  or  . 

(2)  Upon  oxidizing  the  nnsaturated  alcohols  w.th  potass, um  per 

manganate  (B  48,  R.  9?7)-  CH  0H  .  CH.OH,  is  pro- 

Glycerol  [Propantriol],  CH,.Uti.Ln.  .  f -near-  hence 
duced  in  small  quantities  in  the  alcoholic  fermen  a.  0 


472 


ORGANIC  CHEMISTRY. 


is  contained  in  wine.  It  is  prepared  exclusively  from  the  fats  *nA  •, 
which  are  glycerol  esters  of  the  fatty  acids  (p.  122)  When  th  t 
are  saponified  by  bases  or  sulphuric  acid,  they  decompose  liU  n 
esters,  into  fatty  acids  and  the  alcohol — glycerol.  ’  Ke  a 

Glycerol  is  also  formed  from  synthetic  glycerol  trichloride  bv  he,, 
tng  it  with  water  to  170°,  and  from  allyl  alcohol  when  it  is  oxidheH 
with  potassium  permanganate.  'ea 

Historical—  Scheele  discovered  glycerol  in  1779,  when  he  saponified  olive  oil  with 
litharge,  in  making  lead  plaster.  Chevreul,  who  recognized  ester-like  derivatives  nf 
glycerol  in  the  fats  and  fatty  oils,  introduced  the  name  glycerol,  and  in  i8n  pointer! 
to  similarities  between  it  and  alcohol.  The  composition  of  glycerol  was  established 
in  1836,  by  Pelouze.  Berthelot  and  Lucca  (1853),  and  later  Wiirtz  (1855),  explained 
its  constitution,  and  proved  that  it  was  the  simplest  trihydric  alcohol,  the  synthesis  of 
which  briedel  and  Silva  (1872)  effected  from  acetic  acid: 


C02II 


CH, 


CH3  CHs 

(1)  I  (2)  |  (3) 

— CO — >  CHOH  — 


I 

CH, 


CH3  CII3 

(4)  I 

- ^  CHC1 


CH, 


>CH 

II 

CH 


I 

CH2C1 


CILC1 
(5)  I 
— >  CIICI 


(6) 


i 


H2C1 


CIIjOH 

CHOH 

I 

CH2OH 


.  (*)  Acetone  is  obtained  from  calcium  acetate.  (2)  Acetone  by  reduction  passes 

into  isopropyl  alcohol.  (3)  Propylene  results  when  anhydrous  zinc  chloride  with- 
K^W^iWater  ^rom  isoProPyl  alcohol.  (4)  Chlorine  and  propylene  yield  propylene 
c  onde.  (5)  Propylene  chloride  and  iodine  chloride  unite  to  form  propenyl  trichlo¬ 
ride  or  allyl  trichloride,  the  trichlorhydrin  of  glycerol.  (6)  Glycerol  is  produced 
W  JnKtriC^°rhydrin  *S  kea*eci  with  much  water  to  160°  (B.  6,  969).  Metallic  iron 
an  romine  convert  propylene  bromide  into  tribromhydrin,  which  silver  acetate 
c  anges  to  triacetin.  Bases  saponify  the  latter  and  glycerol  results  (B.  24,  4246). 

1  reparation  -—At  present  glycerol  is  produced  in  large  quantities  in  the  manufac¬ 
ture  ot  stearic  acid ;  the  fats  are  saponified  by  means  of  superheated  steam,  convert- 
lng  em  irectly  into  glycerol  and  fatty  acids.  In  order  to  obtain  a  pure  product 
e  glycerol  is  again  distilled  under  diminished  pressure. 

Properties.  Anhydrous  glycerol  is  a  thick,  colorless  syrup,  of  spe¬ 
cific  gravity  i .265  at  150.  Below  o°  it  solidifies  to  a  white,  crystal- 
T^^c,maS-S/ ,  W)?1C^  melts  at  — |- 1 70.  Under  ordinary  atmospheric 

at  .  J  w°!t?  at  29?°  (cor0  without  decomposition  ;  under  12  mm- 
a  n,?rt  ‘c  .  ?  suPeyheated  steam  it  distils  entirely  unaltered.  It  has 
enenretiralW  f tC’  hence  the  name  glycerol.  It' absorbs  water  very 
and  alcohol^  h  ^  fxP°sed  ancl  mixes  in  every  proportion  with  water 
line  earths  and  18  inS°lub!f  in  ether*  II  holies  the  alkalies,  alka- 
aWHtv  metanl  any  metallic.  oxides5  inning  with  them,  in  all  prob- 
Transformah'ofjcn^r>U\i\\Tum^a'r  to  *he  alcoholates  (p.  124)- 
substances  like  sulnvV  ^  hcn  glycerol  is  distilled  with  dehydratuv 
poses  into ’water  and  acrolein  ^  and  PhosPhorus  pentoxide,  it  decon- 
tial  decomposition  when  it  2?,8\*  Jt  sustains  a  similar  and  P 

caustic  potash,  it  evolves  hJl  dlst,lled  a,one.  (2)  When  fused  wid 
(3)  Platinum  black,  or ’  dihite°g^’-and  .yields  acetic  and  formic .aci  • 
tartronic  acids,  while  niter  and  oxidizes  il  to  glyceric  a 

acid  (B.  27,  R.  666V  TTnH  -  lsmilt^  nitrate  change  it  to  mesox 
oxalic  acid,  glycollic  acid  „lfr  e”Fr&etlc  oxidation  the  products  a 
8  ,d’  S'yoxyhc  and  other  acids.  (4)  Moderated 
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oxidation  (with  nitric  acid  or  bromine)  produces  glycerose,  which  con¬ 
sists  chiefly  of  glyceraldehyde  and  dioxyacetone,  CO(CH2 .  OH)2. 
This  unites  with  CNH  and  forms  trioxybutyric  acid  (B.  22,  106;  23, 
387): 

CHO  ch2oh  ch2oh  co2h  co2h  co2h 

CHOH  CO  - CH.OH - .  OH - H3H.OH  (i(OH)s 

iH2.0H  ch2oh  c*:h2.oh  ch2oh  co2h  co2h 

Glyceral-  Dioxy-  Glycerol  Glyceric  Tartronic  Mesoxalic 

^dehyde^  acetone^  Acid  Acid  Acid. 

Glycerose 

(5)  Phosphorus  iodide  or  hydriodic  acid  converts  it  into  allyl  iodide, 
isopropyl  iodide,  and  propylene  (p.  113).  (6)  In  the  presence  of 

yeast  at  20-30°  it  ferments,  forming  propionic  acid.  By  schizomy - 
cetes  fermentation ,  induced  by  Butyl  bacillus  (B.  30,  451),  normal 
butyl  alcohol  (p.  125)  and  trimethylene  glycol  result  (p.  295). 

(7)  When  glycerol  is  distilled  with  ammonium  chloride,  ammonium  phosphates 
and  other  ammonium  salts,  /3-picoline,  as  well  as  2.5-dimethyl  pyrazine,  results.  Undei 
certain  conditions  it  is  only  the  latter  which  is  produced  (B.  26,  R.  585  ;  24,  4105  ; 
27,  R.  436,  812). 

Uses. — Glycerol  is  applied  as  such  in  medicine.  It  is  also  used  as  a 
lubricant  in  watches.  Duplicating  plates  and  hectographs  consist 
of  mixtures  of  gelatine  and  glycerol. 

The  bulk  of  glycerol  is  consumed  in  the  manufacture  of  “nitrogly¬ 
cerine”  (p.  474). 

Glycerol  Homologues. — 1. 2. 3 -Butyl glycerol,  CH3.  CH(OH) .  CH(OH) .  CH2OII, 
boiling  at  172-1750  (27  mm.),  is  prepared  from  crotonylalcohol  dibromide  (p.  13 1). 

[1.2.3-Pentantrion,  C„H-  .  CH(OH)  .  CH(OH)  .  CH2.  OH,  boils  at  1920  (63 
mm.);  [2.3.4 -PentantrioH,  CH3  .  CH(OH)  .  CH(OH) .  CH(OH) . CH3,  boils  at  180° 
(27  mm.);  1 3- Ethyl  glycerol,  CHS .  CH2C(OH)(CH2OH)2  , boils  at  186-189°  (68  mm.). 
These  and  other  glycerols  result  upon  oxidizing  unsaturated  alcohols  with  potassium 
permanganate  (B.  27,  R.  165;  28,  R.  927).  Penta-glycerol ,  CH3C(CH2  .  OH)3, 
melts  at  1990.  It  is  obtained  by  the  action  of  lime  upon  propyl  aldehyde  and  form¬ 
aldehyde  (A.  276,  76). 

[1.4-5 -Hexantriol],  CH3  .  CH(OH)  .  CH(OH)  .  CH2  .  CH2  .  CH2OH,  boiling 
at  1810  (to  mm.),  and  some  other  isomerides  and  higher  homologues  have  been  ob¬ 
tained  from  the  addition  products  of  bromine  and  hypochlorous  acid  with  the  corre¬ 
sponding  unsaturated  alcohols. 
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(a)  Glycerol  Haloid  Esters. — These  are  called  halohydrins  (p.  471)-  There  are 
two  possible  isomeric  mono-  and  di-halohydrins.  They  are  distinguished  as  a-halo> 
hydrins  and  /3-halohydrins : 


CH2  .  Cl 

(*:h  .  oh 

CH, .  OH 

a-Chlorhydrin 

40 


CH2  .  OH 

<!:h.ci 

<!:h2oh 

/3-Chlorhydrin 


CII2C1 
CH .  OH 
(^HjCl 

o-Dichlorhydrin 


CH2OH 
CHC1 
tll2 .  Cl 

/3-Dichlorhydrin. 
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The  monohalohydrins  may  also  be  regarded  a*  h«l  , 

propylene  and  trimethylene  glycol,  whilethe  dihalohvdri^nre^^  n°n 
substitution  products  ol  propyl  and  isopropyl  alcohoi  ,»  S  P*ohtb^1 lh' <Wu*J 

are  formed  when  the  haloid  acids  5  \m  , 

CHClTTV  water  and  epihalohydrins.  a -Ck/orAvt/nn  t  #nd  bv 

C  H,C1,  boils  at  1390  (iS  mm.).  boils  at  iS^o,  T  \C  11  011  - 

hy.„,»  CH,OH .  CHQ .  CHjOH,  boils  at  i46«  „s  „m  /  ,  i( 

alcohol  and  CIOH.  4  »»«»•).  U  is  obtained  from  «||}| 

a-Dihalohydrins  are  produced  when  the  haloid  acids  (A  208 
glycerol,  and  upon  the  epihalohydrins  (p.  477)  (B  10  CC71  r  act.  uP°n 
changes  the  chlorine  derivative  into  the  iodine  com „ und  (p£”,L  ^1?'"“  ,0,W' 
&-DuhIorhydrtn*  CH*C1  CH  OH  ni  n  ;  v  •  i  •  , 

epichlorhydrin  (p  4-71  d  chloracetic  acid.  Caustic  potash  converts  it  into 

boit S^ftspCgi?B.[  C"*Br-  iS  “  1-tme.ling  Ik.ukI,  which 

T1 ;s  a  thick,oiI  of  sl)ecific  K,avity  2-4.  and  solidifies  at  —  150. 
B-DicAl >rhv  tri  TVeSUU  o°,n  tke  nddition  °f  halogens  to  allyl  alcohol, 
it  into  allvl  alcol/7  '1 1 S  4a-  *^2-183°  ;  its  sp.  gr.  =  I.379  at  o°.  Sodium  converts 
acid  oxidizes  it  to  i>.dicWorptpionk  «“6“  “  ‘°  isol’~e>  l  Wide.  Fuming  nitric 

epichlorhJdriD  by  the  ***■ 

the  action^of  Dho«nl[01  n'  halogens  are  added  to  the  allyl  halides;  also  in 

acts  upon  prouvlene  rH  j  ^P°n  dle  dihalohydrins,  and  when  iotline  chloride 

methylene  bromide  (R.  24^ 424W)  br0mine  and  ilon  UP°11  propylene  bromide  and  tri¬ 
boils  at  158°!  ^ 1,1 '  Cjtyif,yf  ^blonde,  1.2.3-triclilorpropane,  CII,C1 .  C11C1.  CHjCl, 

glycerol  triaceM  ester CS  Wh.6°»»Rn^  *X>^S  nt-  2“?°\  ‘<'dver  acetate  converts  it  into 

en  * lls  ,s  saponified  it  yields  glycerol  (p.  47-*)* 

Oxygen?— -Tim  npift*?irS  Mineral  Acids  Containing 

by  Sobrero  in  1847^  ’lltr,c  ac‘d  ester — nitroglycerine  (discovered 
4/  j  s  the  most  important  member  of  this  class. 

tluced  b/!S^3ongor«e  1  CHiONO,) .  CH^ONO,),  l*Pf* 

latter  is  added,  drop  by  <Jrou  t  1  aidPhuric  and  nitric  acids  upon  glycerol.  1 
trated  nitric  and  sulphuric  add,  Wf  ‘COoled  n,ixU"eof  equal  volumes  of  concen- 
into  water,  and  the  separated  °-,g  “S  h  dissolves;  the  solution  is  then  pour* 

Nitro  rftn?0f-Ca,cium  chloride^  °  (nkrotdy^nne)  is  washed  with  water  and 

swmatas7eeSnV0ly-enerKolic!ll|y  at  l6oo*P‘  *r*  I,6»  and  becomes  crystalline  nt 
solves  with’  nr1  liS  P°'s°nous  when  ...1  ’S  ,mm-  Pre-S*ure)  (R,  29,  R.  41).  lt 
Ilen.^  c,.,L? PCVLhy  in  cold  alcol,oi  ,.k.!n.  ,nwa.rd,y-  It  is  insoluble  In  water.; 
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Glycerol-  A  itmte,  CjHjfO  .  NO)j,  is  formed,  by  the  action  of  X203  upon  glvcerol. 
It  is  isomeric  with  Tnnilropropane  (B.  16,  1697). 

Glycerol-Sulphuric  Acid ,  is  formed  by  mixing  i  partgly- 

cerol  with  I  part  of  sulphuric  acid. 

Glycerol- Phosphoric  Acidy  Cj^5<^*PO  ^  ,  occurs  combined  with  the  fatty 

adds  and  choline  as  lecithin  (see  this)  in  the  yolk  of  eggs,  in  the  brain,  in  the  bile, 
and  in  the  nervous  tissue.  It  is  produced  on  mixing  glycerol  with  metaphospfaoric 
acid.  The  free  acid  is  a  stiff  syrup,  which  decomposes  into  glycerol  and  phosphoric 
acid  when  it  is  heated  with  water.  It  yields  easily  soluble  salts  with  two  equivalents 
01  metal.  The  calcium  salt  is  more  insoluble  in  hot  than  in  cold  water ;  on  boiling 
its  solution,  it  is  deposited  in  glistening  leaflets. 

Glycerol  mercaptans  are  produced  when  chlorhydrins  are  heated  with  alcoholic 
solutions  of  potassium  sulphydrate. 


B.  GLYCEROL  FATTY  ACID  ESTERS,  GLYCERIDES. 


(?)  Fon*iic  Acid  Esters,  Monoformin,  C^Hs(OH)2OCHO,  is  volatile  under 
diminished  pressure.  It  is  supposed  that  it  is  formed  on  heating  oxalic  acid  and 
glycerol.  \\ hen  it  is  heated  alone  it  breaks  down  into  allyl  alcohol  (p.  130),  water,  and 
carbon  dioxide.  Diformin  is  most  certainly  produced  under  these  conditions.  Mono¬ 
formin  also  results  from  the  action  of  a-monochlorbvdrin  upon  sodium  formate. 
Diformin,  OH)  .  (O .  CHO)„  boils  at  163-166°  (20-30  mm  ). 

Acetic  Esters,  or  Acetins,  result  when  glycerol  and  acetic  acid  are  heated 
together:  Monacetin  at  ioo°  ;  at  200° :  Diacetin,  .  COCHs)2(OH),  boil- 

mg  at  259-260°  (B.  24,  3466);  at  250°:  Triacetin,  QH5(0.  COCH3)3,  boiling  at 
258°,  occurs  in  small  quantities  in  the  seed  of  Evonymus  europcrus ,  and  has  also 
been  obtained  from  tribromhvdrin  (p.  476). 

(c)  Tributynn,  C3H5(0C4H-0)S,  occurs  in  cow’s  butter  (p.  247). 

(d)  Glycerides  of  Higher  Fatty  Acids  occur,  as  already  represented  (p.  249), 
in  the  vegetable  and  animal  fatty  oils,  fats,  and  tallows.  They  can  be  artificially  ob¬ 
tained  by  heating  glycerol  with  the  acids.  They  dissolve  in  alcohol  with  difficulty, 
but  readily  in  ether.  The  fats  are  saponified  when  boiled  with  alkalies  or  lead  oxide. 
Tne  most  important  glycerides  are  : 

Trimyristin,  or  Myristin,  Cj  11.(0.  C14H270)J,  Glycerol  Mvristic  Ester,  occurs  in 
spermaceti,  in  muscat  butter,  and  chiefly  in  oil  nuts  (from  Alyristica  surinamensis) , 
from  which  it  is  most  readily  obtained  (B.  18,  2011).  It  crystallizes  from  ether  in 
glistening  needles,  melting  at  550.  It  yields  myristic  acid  (p.  250)  when  saponi¬ 
fied. 


Tripalmitin,  C3H.(0.CI6Hj10)3,  is  found  in  most  fats,  especially  in  palm  oil, 
from  which  it  can  be  obtained  by  strong  pressing. 

Tristearin,  QHJO  .  CjgHjsO),,  occurs  mainly  in  solid  fats  (tallows).  It  can  be 
obtained  by  heating  glycerol  and  stearic  acid  to  280-300°.  It  crystallizes  from  ether 
in  shining  leaflets,  and'melts  at  71. 5°.  Its  melting  point  is  also  lowered  by  repeated 
fusion. 

Triolein,  or  Olein,  C,H5(0 .  C„H^O)„  is  found  in  oils,  like  olive  oil.  It  solid¬ 
ifies  at _ 6°.  It  is  oxidized  on  exposure  to  the  air.  Nitrous  acid  converts  it  into 

the  isomeric  elaldin,  which  melts  at  36°  (p-  286). 

Lecithins  are  widely  distributed  in  the  animal  organism  and  occur  especially  in  the 
brain,  in  the  nerves,  the  blood  corpuscles,  and  the  yellow  of  egg,  from  which  stearin- 
palmitic  lecithin  is  most  easily  prepared.  Lecithin  occurs  in  the  seeds  of  plants  (B. 
29,  27611.  It  is  a  wax-like  mass,  easily  soluble  in  alcohol  and  ether,  and  crystallizes 
in  fine  needles.  It  swells  up  in  water  and  forms  an  opalescent  solution,  from  which 
it  is  reprecipitated  by  various  salts.  It  unites  with  bases  and  acids  to  salts,  forming 
a  sparingly  soluble  double  salt,  (C42H^NPOs.  HC1),  .  PtCl4,  with  platinic  chloride. 
Lecithin  decomposes  into  choline,  glycerol-phosphoric  acid  (see  above),  stearic  acid,  and 
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palmitic  acid,  when  it  is  boiled  with  acids  or  baryta  water.  Therefore  we  assume 't 
to  be  an  ethereal  compound  of  choline  with  glycero-phosphoric  acid,  combined  ' 
glyceride  with  stearic  and  palmitic  acids  : 


as 


/ 


O .  CjglljjO 


c3hst-o •  c1bhsio  (ch3)si  :t 

X0  .  PO(OH) .  O .  CH2CH2  }  N  •  OH  =  lecithin. 

. The  distearin  and  dioleo-  compounds  are  also  known.  Protagon,  a  substance  ob¬ 
tained  from  the  brain,  appears  to  be  closely  related  to  the  lecithins. 

Glycerol  Ethers  :  i.  Alkyl  Ethers. 

Mixed  ethers  of  glycerol  with  alcohol  radicals  are  obtained  by  heating  the  mono- 
and  dichlorhydrins  with  sodium  alcoholates : 


CsH5{ 


Cl2  +  2C2H5  •  ONa  _  CsH6  |  ^  c2H5)2  +  2NaC1- 


Monoethylin,  C3H5 {  ^JI^2H  ,  is  soluble  in  water,  and  boils  at  230°.  Di« 
f  OH  2  ^ 

ethylin,  C3H5|  ^  ,  dissolves  with  difficulty  in  water,  has  an  odor  reseim 

bling  that  of  peppermint,  and  boils  at  19 1°.  When  its  sodium  compound  is  treated 
with  ethyl  iodide  we  obtain  Triethylin ,  C.H*(0 .  CHi,  insoluble  in  water  and 
boiling  at  185°.  3  5V  2  b)z 

Allylin,  WSf.ck  ,  monoallyl  ether,  is  produced  by  heating  glycerol  with 

oxalic  acid  (B.  14,  194b,  2270),  and  is  present  in  the  residue  from  the  preparation  of 
allyl  alcohol  (p.  130).  It  is  a  thick  liquid,  boiling  at  225— 240°.  Diallylin,  HO.- 
'-'S  .H  5  ( O  Cs  1 1 5 )  2 ,  boiling  at  225-2270,  is  produced  when  sodium  allylate  acts  upon 
epichlorhydrin  (B.  25,  R.  506). 


2.  Cyclic  Ethers. 


CH2 .  O .  CH2 


Glycerol  Ether,  CII .  O  .  CH  ,  boiling  at  169-172°,  occurs  together  with  allylin. 


n  ,  .  .  .  ch2.o.(I:h2 

1  ?,ce[°  ,  erivatives,  resembling  the  acetals,  are  produced  when  formaldehyde, 

enza  e  y  e,  or  acetone  acts  upon  glycerol  in  the  presence  of  hydrochloric  acid. 

CH,<°g*  CHpH,or  CH,<°;  CH,>ch  .0H,  boils  at  W 

(  .  289,  29). ^  Benzal  glycerol  melts  at  66°  (B.  27,  1536).  Acetone  Glycerol 

(CH3)2C<o  CH  QH>  or  (CH3)2C<g  •  £h?>CH  .  OH,  boils  at  83°  (»  mm.) 
(B.  28,  1169).  2  '  2 

Glycide  Compounds  :  Glycide,  Epihydrin  Alcohol,  0<jH '  CH,°H,  boiling 

ttemon’erti’e/ho.h  r6f5  S°!’  'S  iso.™eric  with  acetyl  carbinol.  This  body  manifests 
acetate  Pbvthe^nf  et,hyIene  oxlde  and  of  ethyl  alcohol.  It  is  obtained  from  its 
acetate  by  the  action  of  caustic  soda  or  barium  hydrate  Glycide  and  its  acetate 
reduce  ammoniacal  silver  solutions  at  ordinary  temperatures.  * 

H  OC  IlToilT  when^’r }'glytctrois,  Thus  glycerol  yields  Diglycerol,  (HO)2- O' 
5OC3n5(()II)2,  when  it  is  treated  with  chlorhydrin  or  aqueous  hydrochloric  acid 

at  1 30°.  The  polymeride  of  glycide,  Diglydde  CH2  .  O  .  CH .  CH201 1 

HO.CHj.CH— O.  CH2  W 


,  V  *  ,  tz  .  7. 


* 


a rjvua. 


Vvh  vrsj\  if  v/ji«  iMftane  ir/n  *ry«3wri'«trn 
airf las  — iawavwf  tayMufauriswi  -vL  Gtajpm&t  vxsla 

<m  ‘^r 

'  ,*mm% 

**■-«*  ‘u*  f&'.iuz'i nr  t Mrrtrk  V  iie  *n~peafom  -yf  '.w  tvnc«is*sa.  fc* 

v*ar>-  it*.  v^Si  %*  W  idwi  -of  ta-.tr.>,'  «Mt  t>  **£*  ^--  - 

tv  '.at  &r»a*Us*  -rf  rttyj—  fe—t  v<su^'*<rxx.  -  21# 


••'lit  T&Jutta-xxxcAg^  taii  *znr 


CH/3 
*21. *M— 
*M/2 


CH^ 

I 

CH/2 

E5*^la<irx^trti 


c Hj.ce 
-CSd 


5s  r. 


%r  *  z  *9t«wk  iiijssfe.  u*t»iuu«t  a  a>awT  sat  vs— 

*  *  *"/j.  W44wK»!aoii>»dK  -a?  «si— ifant  ajrf  s  _ _ 

If  im&t  *  -sfatSavrisKiSB.  vri  ■wwjnraK#?.  bpievziuvrc.  a euL  VZ* 
rtftt  *wJi./-n^ni,  '/iaMiwK  .ataSH-r  «A  **«r »  sic*  taaops  x  V 

'jrsjssm tvtt  sis*.  asat  awfafl  X  v,  Z,4kiewbaa>c  scut.  Ifeauic 
‘s*u~zrx'% |  fa—  winm  *%-— e,  CH,  =  CH  CH/Bk 
,\ia»  *rix7'^ut  Marie,  mdUMii  ©t*cun»  «rXi  C5H  it  tat  vzyrnaute, 

f#r»Hi/fc4  fc*  <ut  Jr— aw*  ar  i  f^uc? 

fet»  *?Mxsjrv*ora.  sat  *>ga*fcn*tt  ra&fie.  v»I*  at  t  >r 

’tss^Setfbez  Zsf#ji  OtfG&t  Ed—  CM/J  O  CH^  4«sSif  a:  22 5-* 3=*-  « 

»J*  &TZzU  «^&sr,  O-  '/Af  *  I3f  art  vrsswjs'.  tn.  Jtflfag 

ivt  4—1—  vri&sju&tuz  tv  vJv&tu&fSntk  arc*  taawtr,  vxaex. 

Atfrx  Gfava&*  £«ecr  <1  H/>  O-  C,H/j>,  *  tevtower.  t»  ieaczi^  -rptzu-jrzj'srx. 

r~  --L  hwks  *$•>***-. 


wg*S2ft» 


_ _ _ _  _  _  ^  .  _  .  ..  .,  W*  *  " 

Dg^etim  ©f  g;rrwl>:  Jftawebtr^  jr^-st 
C#^,(CH/W  *,  — sfefag  *  J«A  *  xt*  aMetee  — ^  3'XB4t' 

'4^  't-  2*,  fe.  774f  _  . 

f«iiWM*»-fr{iW*f  CJfJf;!,  ^H,5;2,  ^L‘A  -Jt 

yetumx.  ft  »  frames'-  fc«  tat  •z-ozsjz. 

^  j*,  j*2r  b*a  ifrsff  Irjurt. 


2,  DKMnrAlOTBTDM. 


Gf^rrf  fN^^j22It5r| 

mr -.«*  a£m.  *2*&  fr*rm*.  *  **»*  **»  ?£**2JL ^S**  T? 

fe*fa  «fa  'X  Ut— rat.  C*-C*  4  " 

SC  V,7T{'CHO^  «Kk*  fa-  *at  »»»  ^  ai 

K  UkxgsSsM  vf„rt  Jie  *r«.  ta^i  irat  «»fe—a 

•r ' •«  *f—  — « **  ,l3  f  ^  ,  -STrfa^ B  i»  *ct 
v'  .  '  ;  '* '  ^OJ  V.HO  .  CHOH.ciL  i— 'B-fkU«3> 

f¥?u^rw-  S.  CH(3h  afCH<>  CHOH.ci*ea4^  7^7 

^  «i«a.  cr  b-tykfco.  «fe  fm****  &  **** 

***t»£.  »cyi  'fc,  45.  7  A>- 
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3.  DIOXYKETONES  (OXETONES). 

Dioxyacetone  is  the  simplest  possible  dioxyketone.  It  is  not  known  in  ,  ^ 

Its  derivatives  are  t  (1)  Sym.  Diethoxyacetone,  C.HsO  CH  ”  CO  CHP  nr»'' 
boiling  at  1950,  which  is  obtained  from  ay-diethoxy-acetoacetic  ester  as  well  as  hv!h 
distillation  of  denim  ethyl  gl, collate  (B.  28,  R  295).  I,  reduces 

tion.  (2)  Diamido-acetone,  NH2CH2 .  CO .  CH2NH2— the  reduction  product  0f 
di-isomtroso-acetone  (B.  28,  1519).  product  of 

Fittig  discovered  the  oxetones.  They  can  be  viewed  as  anhydrides  of  y-dioxv 
ketones.  Their  constitution  follows  from  the  formation  of  dimethyl-oxetone  in  the 
treatment  of  the  dibrom-  addition  product  of  diallyl  acetone  (p.  221)  with  a  potash 
solution  (Volhard,  A.  267,  90) :  ;  ^ 


CH2 .  CHjCHCH, 
I  1 


CH2 .  CHjCHCH, 

The  oxetones  are  obtained  from  the  condensation  products  of  the  7-lactones  with 
sodium  ethylate  in  consequence  of  the  elimination  of  carbon  dioxide  (see  p.  345). 

Oxetone,  C7H1202,  boils  at  159. 40.  Dimethyl  Oxetone,  C9Hir0.2,  boils  at  169. 50 ; 
sp.  gr.  0.978  (o°).  Diethyl  Oxetone,  CnH20O2,  boils  at  209°.  These  oxetones  are 
mobile  liquids,  and  possess  an  agreeable  odor.  They  are  not  very  soluble  in  water, 
reduce  an  ammoniacal  silver  solution,  and  combine  with  2llllr  to  y-dibroin-ketones. 

_ CH 

y-Pyrone,  CO<^£jj  _  may  be  considered  the  anhydride  of  an  unsatu¬ 

rated  dioxyketone. 


CH2 .  CH2 .  CH  :  CH2 
I  2 

CO 

I 

CH2.CH2.CH:CH2 


aHBr 


CH2 .  CH2 .  CHBrCHj 
>  CO 


CH2 .  CH, .  CHBr  .  CH, 


4-  OXYALDEHYDE  KETONES. 

Oxypyroracemic  Aldehyde,  CHO .  CO .  CH2OH,  is  the  simplest  oxyaldehyde 
ketone  It  is  only  known  in  the  form  of  its  osazone,  melting  at  1340,  and  is  pr°- 
uce  y  the  interaction  of  phenylhydrazine  and  dioxyacetone  (B.  28,  1522)- 


5 ■  OXYDIKETONES. 

b  “m™r°meth/1  Ketole,  cH3.CBr2COCH2OH,  melting  at  85°,  and  formed  from 
CO  CHOH  aC1  an<^  kr°mine, 's  a  derivative  of  the  simplest  oxydiketone,  CH3  • 

Oxymethylene- Acetyl  Acetone,  (CH3CO),C  =  CHOH,  melting  at  47°  a"<! 
acid'nSIt  ?T|  If  1990  (ord-  pressure),  is  a  strong  acid,  stronger  than  ace 

•  _  i  1  °  u  *  e  ln  aqueous  alkaline  acetates.  It  absorbs  oxygen  rapidly  frorn 

bonic  acidaenVamyl  acetoneWith  Water  and  mercuric  oxide  it  decomposes  into  c 
Its  copper  salt  melts  at  2140. 

Etoxymethylene-Acetyl  Acetone  (CH  CfU  C _ CHOC  H  (liquid,  boilinS 

converts  it  into  ecomposes  it  into  alcohol  and  the  preceding  body.  Am 

CH— CH  (COh Cl?)1  aCCf nC 

rdia“ ii  -  dia“,y,'“ 


>  V  yjrjX't  UC  ACWS. 
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Qijmilbjkm  acttoee,  *  t<E  »  lit  cwnrspoaJac  deifrahtt  of  ace» 

"ttf  atd  «m .  onie  eter,  can  l»t  ownfcioertyf  at  fsjndr.  add  »  -msxB.  *Jae  dcia- 
rvtsA- tny&m  aat  it*:  bf*c»ioa  sam  caniisi  two  g"^  X  : 

O  =  CHOH  =  CH  OH 

Foraaic  Add  0*rw^P»t  Cm^/bb£i. 

A*  these  bodies  art  tf-'.r.g  sy/y^Mitk  adds,  tie  gr'-*p  X/7  =  vt-as  ts  exert 

*1  j*.t  trautt  *$**.  tit  catbm  aum  oua/jiued  wish  it,  or  ^  tit  bycrox .  yl  a,  —irr 
with  ^»e  t*r/«  jb’/ci,  jMt  a*  »  O'/ae  by  oxygts,  that  is  /xr «ed  rid  two  bend*.  Il 
at  UK  tias  tie  irfar  ■  'it  *ay  aoc  be  so  great  at  is  the  larer  cate.  Toe  'sm&xz/k 
jawt  <j{vx»j  art  fit  first  of  tat  coa&it*  Biwaaoj,  wo'a‘T.;*ig  orJy  r,f  H,  *at  >. 
which,  with  at  iwknajl.  i*M  appraises  the  Mwadisqfic  adds  (fcn«ce*afKd| 
i»  laM,  is  v«e  iagarre*  they  surpass  d»  is  tbit  rejec;  fc.  26,  2751 ; 

jriratt*/ vaesstia-oaitc  by  L-  Claisesjl, 


6.  ALDEHYDE  DIKETONES. 

TW  Luonfiag  are  deriraures  of  tie  diaidehydes  correspemding  10  aaeaoia-ic  add 

jf  ja  #-  'j  a  1  r  ^ 

1  Diiooitfosoacttc&t,  CH  N  -  OH  -  O; .  CH  X .  OH  j, «  '  •  <  !il  ^ 

^//KOMlka  It  r#teis  vies  oitroat  add  acts  zyx.  acetcoe  d»carmj  stc 

'  2/Tno*ixDidopropar.t  CH  N  OHOX.OH).CH  N-OH  ^  at 

»7I'%  »  the  rt*mk  of  tie  action  of  bydroxybocine  upon  dusoomMoacetooe  B-  21, 

SfSS "££%SS£Z£  -”=  ***-&££& 

*4-  J2yy ;  27,  2I9> 


7.  TRIKETONES. 

Per.‘anuion,  CH,  CO  CO  .CO-  9^’^;  J.  ^'l  I^acetTl^etooe,  QHjXH  .  - 

in  *bt  form  of  a  pbeny.oydrarine  dem^r  ^  ^  id  npon  sodium  acetyl 

K^CJCH,*  ?SS^SS^«r/  — •  HO.  X  =  • 

‘  SE&'&ai  ^r^4r2f^asaessis: 

chloride  imparts  a  deep,^*  r  meltiog  with  decomposition  at  242®. 

passes  into  an  anhydride  (B.  *3. 

g  dioxymonocarboxylic  ACIDS. 

The  acid,  of  '.hi, 

JSSSlSftSS  “i<u  (i<-  *■»>•  They  may  te artific,ally pre' 
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pared  by  means  of  the  general  methods  used  in  the  product’- 
oxyacids,  and  also  by  the  oxidation  of  unsaturated  acids  with  nr-01 
sium  permanganate  (p.  330)  (B.  21,  R.  660;  A  283,  109).  P°‘as' 
Glyceric  Acid,  CJH4Ot(dioxy propionic  acid),  [Propandiol  Ariel 
is  formed :  (1)  By  the  careful  oxidation  of  glvcerol  with  nitric  c  d 
(method  of  preparation,  B.  9,  1902;  10,“  267;  14,  2071).  or  bv 
oxidizing  glycerol  with  mercuric  oxide  and  baryta  water  (B.  18.  ;  ' 

or  with  silver  chloride  and  sodium  hydroxide  (B.  29,  R.  545).  Jjr(e 
caicium  salt  is  decomposed  with  oxalic  acid  (B.  24,  R.  6^3):' 


CHs(OH) .  CH(OH) .  CH,(OH)  -  O,  =  CH,OH)  .  CH,OH) .  CO. OH  -  H,<1 

(2)  By  the  action  of  silver  oxide  upon  p  chlorlactic  acid,  CH,Q.- 
GH(OH) .  COjH,  and  a-chlorhydraerylic  acid,  CH,(OH) .  CHO.- 
CO;H  (p.  341).  (3)  By  heating  glycidic  acid  with  water  (p.  4S1). 

Glyceric  acid  forms  a  syrup  which  cannot  be  crystallized.  It  is 
easily  soluble  in  water,  alcohol,  and  acetone.  It  is  optically  inactive, 
but  as  it  contains  an  asymmetric  carbon  atom  (p.  45),  it  may  re 
changed  to  active  lse  vo-rotatory  glyceric  acid  by  the  fermentation 
of  its  ammonium  salt,  through  the  agency  of  PctaaiaxM  gitmam. 
JSjciSSms  eftosetiats,  on  the  other  hand,  decomposes  inactive  glyeerc 
acid  so  that  the  Levo-rotatorv  glvceric  acid  is  destroyed  and  the 
dextro-rotatory  acid  remains  (B.  24,  R.  635,  673'h 

Transform jt wns. — When  the  acid  is  heated  above  1 4c0  it  decompose? 
into  water,  pyroracemic  and  pyro tartaric  acids.  When  fused  wth 
potash  it  torms  acetic  and  formic  acids,  and  when  boiled  with vide? 
oxalic  and  lactic  acids.  Phosphorus  iodide  converts  it  into 
pionic  acid.  Heated  with  hvdrochloric  acid,  it  vields  a-chlortaydn- 
crylic  acid  and  up -d ; chlorpropion ic  acid. 


When  glyceric  add  is  preserved  a  while,  k  probabk  forms  a  boride  or  anhyuroe 
Th:s  is  sparingly  sclubie.  and  orvstallires  in  fine  needles.  .  » 

Its  virirw  ,  CjHjO.lsCa  -  sH,0.  dissolves  readier  in  water  The  -p-  ** 
CL^HjO.VPh,  ts  not  very  soluble  in  water.  The  *tir:  esur  is  formed  00  a»  * 
giyxaic  acid  with  thso!c^  alcohol.  The  roMiorc  power  of  thf  opttet  T 
glyceric  esters  increases  with  the  molecular  weight’  R  *6.  R.  540b  *nd 
maxamem  wkh  the  butyl  ester  (R  27.  R.  1*7.1 

Tbe  bomofcgues  of  glyceric  acid  hare  been  obtained  (O  from  the  coresEV®^;;^ 
dibjxxnunv  fnxn  the  contsw>n<Jroj  cheidic  acids  on  hcato’C 

water  (A.  *34-  io») ;  and  (5>  by  ©xidiring  the" ^cirespcodirg  unsifted 
*cs^  rv  :M»  with  potassium  permanganate  A.  *6S.  S;  B.  ia.  R-  743 

There  *re  three  dkurrbotvrc  acids :  . 

(I  c 3  Dktty butyric  Acid.  CH, .  CHiOH) .  CH.OH1 .  CO,H.  .vMethy  s 
cenc  Acid.  It  melts  at  74-75* 

i"  -Dioxybutyric  Acid,  CH.<OHl .  CH  OH1 .  CH, .  CO.H.  is  *  ***  . 

(3'  D  jcxyi  so  butyric  Acid,  °Hi  ^  ^C<OH  .  CO,H.  a  methyl  ***“ 

melts  at  loo*.  5 

3  Dioxyvaleric  Acid.  CH,  OH> .  CH  OH  CH, .  CH, .  CO,H.  rap^  T  1'$. 
jvses  into  wa;«  an.:  in  oxybetoue  Tigligiyceric  Acid  melts  it  S>'-  •»»  * 
glycenc  Acidrae.tsat  iti°  A  2S3.  ioo  .  '  ..  „ 

a^Dioxyisoctylk  Acid,  (CH^CH  .  CH,  .  CH,  .  CH(OH)CH\OH 
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joehsot  106s  (A.  283.  291)-  a- Isopropy  1-,3-isobutyl  Glyceric  Acid  melts  at  1540 
(B.  29,  R-  508)* 

D'.oxyundecylic  Acid,  CUH,  0H),0,,  from  undecy’enic  add.  melts  at  84-S60. 
Dioxystearic  Acid,  CMHM(0H),0„  from  oleic  add,  melts  at  136°. 
Dioxybehenic  Acid,  <^,Ha(OH  ,0,,  from  erode  acid,  melts  at  136°. 

Glycidic  Acids  are  obtained  from  the  addition  products  of  hypochlorous  acid  and 
ensatnrated  dkarioxyiic  adds,  through  the  agency  of  alcoholic  potash  (A.  266,  204). 
j  etlrriene  oxide,  they  take  up  the  haloid  acids,  water,  and  ammonia,  the  products 
h^mp  chloroxvfattv  adds  or  dioxyfatty  adds,  and  amsdo-oirfattr  adds. 

'  CH .  CO.H 

Glycidic  Acid,  Epihydrinic  Ada,  0<^  1  „  ,  is  isomeric  with  pyroracemic 

vllj 

arid  It  is  produced,  like  epichlorhydrin  p.  477),  from  a-chlorhydracrylic  acid  and 
3chlorlactic  add  by  means  of  alcoholic  potash,  dyadic  add,  separated  from  its 
salts  by  means  of  sulphuric  add,  is  a  mobile  liquid  miscible  with  water,  alcohol,  and 
ether.  It  is  Terr  volatile  and  has  a  piercing  odor.  The  free  add  and  its  salts  are  not 
colored  red  by  iron  sulphate  solutions  (distinction  from  isomeric  pyroracemic  add). 
It  combines  with  the  haloid  adds  to  3-halogen  lactic  adds,  and  with  water,  either  on 
boding  or  on  standing,  it  yields  glyceric  add.  Its  ethyl  ester,  obtained  from  the  silver 
salt  with  ethyl  iodide,  melts  at  162°. 

It  resembles  malonic  ester  in  its  odor  (B.  21,  2053). 

.  CH .  CO.H  .  ,  .  .  _ 

Methyl  Glycidic  Acid,  0<^  i_  ,  is  known  in  two  modifications.  The 

CII .  CH, 

one  melting  at  84°  unites  to  a3-dioxvbutyric  add  with  water.  The  other  modifica- 
....  CH  .  CH,  .  CO,H  , . 

don  is  a  liquid.  Epihydrtn-carboxyKc  Acid,  0<^  _TT  ,  melting  at  223  , 

CH, 

is  obtained  from  its  nitrile,  which  results  from  the  action  of  KCN  upon  epichlorhy- 

, .  ,  C(CH.) .  CO,H  .  ....... 

dnn  (p.  477).  a- Methyl  Glycidic  Acid,  0<  '  ,  consists  of  shining  leaf¬ 

lets.  The  e:hyl  ester  boils  at  162-164°  (B.  21*  2054).  o3-Dimethyl  Glycidic 

melts  at  62°  (A.  257,  128).  /3,3-Dimethyl  Glycidic 

CHCHj 

Acid.  See  A  292,  282.  .  , 

Oxylactones  are  obtained  from  some  of  the  dioxyarids,  which  contain  an  hydroxyl 
group  in  the  > -position  with  reference  to  the  carboxyl  group: 

Oxyvalerolactone,  HO  *  CH*  ’  °  >  boiling  at  300-301°,  results  from  the 

action  of  potassium  permanganate^.  268/61 1  upon  allyl  acetic  acid.  Oxycaprolactone 
*^  Oxyi:ocaproIactone,  C6HmO„  are  colorless  liquids,  into  which  tiie  ?xld*“°n  Pr£ 
docts  ofhydrosorbic  acid,  by  me'ans  of  KMnO„  rapidly  pass  on  liberation  fromjheir 

barinm  ^  (A  268, 34).  Oxyisoheptolactcne,  {CH,)tCH .CH . CH(OH).  CH,. COO, 

OxyUottoUtU*,,  (CHj'jCH  .  CH, .  ts .  CH(OH)CH, .  CO .  O. 

MonMido.o^icj'ds :  “sVrin.  CH,(OH) .  CH(NH,) .  CO.H, 

15  obtained  by  boiling  serecin  with  dilute  selpbunc  act  .  ,  ^ 

ga>ls,Ml0bie  id  24  ^arts  of  water  a.  20=,  bet  insoleble  u.  *cho 
bases  at/am'do-acid  it  has  a  neutral  reaction,  but  combines  with  ^ 

‘  .itrops  add  converts  it  into  glvceric  acid.  .  from 

3-cfcC  Z-°mido-!octic  acid.  CH/NH^  .  CH(OH) .  CO,H,  is  obtained  fr°It 
dii«lviCtlCi.acid  and  glycidic  acid  by  the  action  of  ammonia  (B.  13.  '  /  )• 

Hnmo’  more  difficulty  in  water  than  serin.  ,  .  .v  lin;on  of 

homo'.op  °?U^S  ?r  monoamido-oxyacids  have  been  prepare  > 

Dia^j^  £  ycid'c  acids  with  ammonia.  _TT  vU  riTVH  CO.H, 

^o-carboxylic  Acids. — Dia m idopropion ic  Acid,  CH,.  2- 
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has  been  obtained  by  the  action  of  ammonia  upon  a/3-dibrompropionic  acid.  OtI 
similar  acids  have  been  found  in  the  decomposition  products  of  the  albumin  'A 
bodies. 


9.  OXYKETONE  CARBOXYLIC  ACIDS. 

Oxypyroracemic  Acid ,  [Propanolon  Acid],  CH2OH  .  CO  .  C02H,  is  formed  when 
caustic  soda  acts  upon  collodion  wool  (B.  24,  401).  Tribrommethylketol ,  CiI2OII 


CO  .  CBrs.  See  tetronic  acid 


Ethoxyl-acetoacetic  Ester ,  CH2 . 0 .  C2H5 .  CO  .  CH2  .  COOC2H5  or  CH3CO .  CH- 
(0C2H5)C02C2II5,  boils  at  105°  (14  mm.).  It  is  obtained  by  reducing  ethoxyl  chlor- 
acetoacetic  ester,  the  condensation  product  from  chloracetic  ester  and  sodium. 

DemarQay  acted  with  alcoholic  caustic  potash  upon  the  y-mono-brom-mono-alkylic 
acetoacetic  esters  and  obtained  tetrinic  acid  and  its  homologues,  which  may  be  re¬ 
garded  as  y-lactones  of  the  oxyketone  carboxylic  acids : 


COCH2Br 


COCH, 


CH. 


,(*:h. 


2  X 


COOC2H5 


I  yO  or 

CH, .  CH  .  CO/ 


CH3 .  C- 


C(OH)  CHjv 

II  X 

—CO/ 


0. 


Tetrinic  Acid. 


Michael  was  the  first  to  declare  that  tetrinic  acid  was  a  lactone  with  the  preceding 
formula.  L.  Wolff  discovered  the  parent  substance  of  tetrinic  acid,  and  named  it 
tetronic  acid ,  after  which  tetrinic  acid  received  the  name  a-methyd  tetronic  acid  (A. 
291,  226).  The  salts  of  tetronic  acid  and  the  a-alkylic  tetronic  acids  are  derived 
from  the  hydroxyl  formula  isomeric  with  the  ketone  formula.  The  latter  is  preferred 
for  the  free  acids. 

CO  CH 

Tetronic  Acid ,  2>0,  melting  at  1410,  is  produced  when  sodium  amalgam 

„  z  .  2  .  CO— CH2 

acts  upon  bromtetronic  acidy  ^  >0,  me^n£  at  I^3°-  This  results  when 

CO  CH 

dibromacetoacetic  ester  is  heated.  Dibromtetronic  Acid,  i  2->0,  is  formed 

...  CBr2CO 

w  en  bromine  acts  upon  bromtetronic  acid.  It  consists  of  white,  readily  soluble 
!*owly  decomposes  at  1740  with  C02-evolution  into  tribrommethylketol, 
CBr3 .  CO  .  CH2 .  OH,  and  bromtetronic  acid. 

Tetrinic  Acid,  a-Methyl  Tetronic  Acid,  ^  ^|*2  >0,  melting  at  1S90, 

boils  with  partial  decomposition  at  2920.  It  results  on  heating  y-brom-metbylaceto- 
ace  lc  es  er  or.  iy  treating  it  with  alcoholic  potash.  Heated  with  water  to  200°,  it 
hvdrat^T-  Ta°  e.thyl  keto1  .(p-  317)  and  C02,  and  when  it  is  boiled  with  barium 
dLet/lTna  col  (Ay  ass' I)?‘d  pr°pi°nic  acid-  Chromic  °MiBS  “  “ 

Pentmic  Acid,  a-Ethyltetronic  Acid ,  melts  at  128°. 

Hexinic  Acid  a-Propyltetronic  Acid ,  melts  at  126°. 

Heptinic  Acid,  a-Isobutyltetronic  Acid,  melts  at  150°. 

y  -  Met  ho  xyldi  me  thy  la  cetoa  cetic  Ester,  CH,0  CH  CO  CfCH  'i  CO  C  H-  melts 

at  70°  and  boil<5  ck\  o  a  tO  T*.  *  r  .  *  ,  3^  •  ^^2  *  , 

-1-  y-brom-dimethylacetoacetic'^ster  aoTsdf  alCOl“°liC  S~iiU'm 

he  following  are  derivatives  of  a-oxy-/?-oxobutyric  acid:  Nitromethylisoxazolon, 
CHS.  C  .  CH(N02)Co’  dccomPosmg  at  *23°,  results  when  oximidomethylisoxazolou 
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The  lactone  was  obtained  on  treating  y-methoxydimethyl  acetoacetic  ester  wiih 
bromine,  and  then  decomposing  the  mono-brom-substitution  pioduct  with  water  ^  H, 
30.  856). 


II.  diketone  carboxylic  acids. 


Paraffin  Diketone  Dicarboxylic  Acids,  a/?-Diketo-  or  a/?-Dioxo-butyric 
Acid,  ClI,  .  CO .  CO  .  CO.H.  This  acid  is  not  known  in  a  free  condition.  Two 
oximes  are  derived  from  it:  Isonttroso-acetoacetic  Ester,  CII, .  CO  .  C :  N(0II)C02- 


(OH).  C:  N(OH)CO,C,H5,  decomposes  at  1520.  It  results  from  the  action  of 
NH,OH  upon  isonitroso  acetoacetic  ester  (B.  25,  2552).  The  free  acid,  known  in 
two  modifications,  forms,  with  hydrochloric  acid,  a  lactone-like  anhydride — Oximido- 

CHS .  C .  C :  N(0I1) .  CO 

methyl -isoxazolon,  _ ^  ,  decomposing  at  1 320. 

N.O.O.N 


Peroxid-di-isonitrosobutyric  Acid, 


CHjC  • 


C.  C02II 


,  melting  at  920,  is 


produced  when  silver  di-isonitrosobutyrate  is  oxidized  with  nitric  acid  (B.  28,2683). 

CflII5  .  Nil .  N  :  C .  COjCjIIj 

Phenylhydrazone-acetyl-glyoxylic  Ester,  ^  .melt¬ 

ing  at  1 540,  is  produced  by  the  interaction  of  sodium  acetoacetic  ester  and  diazo¬ 


benzene  salts.  Osazone-acetyl-glyoxylic  Acid, 


C6H6.  Nil .  N  :  C.  COjII 
C6II5  NH.Nj’c.CII, 


,  melt¬ 


ing  at  209°,  is  obtained  from  phenylhydrazone-acetyl-glyoxylic  acid  and  phenyl- 
hydrazine  in  alcoholic  solution  (A.  247,  205).  /fy-Diketo-  or  /?}  D ioxy-valeric 
Acid,  C1I8 .  CO  .  CO  .  CH2 .  C02H.  /?- Isonitroso  lsevulinic  Acid,  CH3CO  .  C  :  N- 
(OH) .  CH2  .  C02H,  may  be  referred  to  this  acid,  unknown  in  a  free  condition.  It 
is  obtained  from  acetosuccinic  ester.  It  melts  at  1190,  decomposing  into  C02  and 
methyl-/J-oximidoethyl  ketone  (p.  326). 

Stearoxylic  Acid  and  Behenoxylic  Acid,  already  described  (p.  288),  are  a-diketone 
carboxylic  acids. 

Acetyl  Pyroracemic  Acid  Ester,  Acetone  Oxalic  Ester,  ay-diketo-  or  ay-dioxovaleri- 
anic  ester,  CII3 .  CO  .  CH2 .  CO  .  C02C2H5,  results  from  the  action  of  sodium  ethylate 
upon  acetone  and  oxalic  ester.  Ferric  chloride  imparts  a  dark  red  color  to  it.  The 
free  acid  condenses  to  sym.  oxytoluic  acid,  COaH  [1]  C6H3  [3-5](OH)CHs  (B.  22, 
3271).  Acetone  oxalic  ester  and  phenylhydrazine yield  a  phenylpyrazole  carboxylic 
ester,  melting  at  1330  (A.  278,  278). 

1  he  hydrogen  in  the  acetoacetic  esters  can  also  be  replaced  by  acid  radicals.  1  h>s 
is  accomplished  by  acting  upon  the  dry  sodium  compounds  (suspended  in  ether)  with 
acid  chlorides,  1  he  products  are  diketone-monocarboxylic  esters.  Thus  acet) 
chloride  (B.  17,  R.  604)  produces: 

Acetyl  Acetoacetic  Ester,  C2II30  .  CH(CaHsO) .  C02 .  C2H5,  or  Diaceto- 
acetic  Ester,  boiling  at  122-1240  (50  mm.).  Its  ester  is  produced  when  alcohol  acts 
upon  the  product  obtained  from  A1C13  and  acetyl  chloride  (CII3CO)2CH  .  CC120A1- 
(  l2  (p.  323)  (Gustavson,  B.  21,  R.  252).  It  is  broken  up  by  water,  even  at  ordinary 
temperatures,  into  acetic  acid  and  acetoacetic  ester.  Sodium  ethylate  displaces  an 
acetyl  group  in  it,  forming  acetoacetic  ester  and  sodium  acetoacetic  ester. 

Methyl  diacetoacetic  ester  and  ethyl  diacetoacetic  ester  are  only  volatile  without 
decomposition  under  diminished  pressure. 

Acetonyl  Acetoacetic  Ester,  CH,.  CO.  CH2.  is  produced  by  the 

action  of  chloracetone,  CII3 .  CO .  CH,C1,  upon  acetoacetic  ester.  It  forms  pyro- 


oxntii/aoc  jo j» 
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er  «a& 


xrsce.  erer  1  57.  ^75-  rxi  Inn;  r  if  i^izzlcra.  20c.  In  \rrrjzsz.  tii » 

*2^  a  lie1  C—  joscbtI  scsnt&e  restrs  y.  321  . 

CwfiBOlel  Z,-£S?-'jcjz  Zazzr.-zjZc Arndt, 

CH  OO-CHj.fXl- ifl-H.  mem  wad. 

Beats  r  frm  erner  zs  cm.  dier,  mtnai  h;  55.-  ^nf  ir  ixj'  11  Vm  , 

«r  T3  wudnl  ct.tr  nr. :r_3g  sc  4j*.  Cn.  dr.nmc  sedawi  n.  cAer  sc  *c  ecce.  jeiuei- 
inar  ::tzinr.gt  «  mEfccy.  cuoe  sac  :ii  .;  oki,  da  sccuz=5  rrr  "clnci  bil- 
jg*3C  fain  joc  -dar-.I-ng.  s  hlxhte  tt  *-  amd  >-mts rre rcocs.  i ~v  ~=r*r5  rEscii.  is 
chi  at  vesesrr.  sy  n^gii  «c  a.  Kdnax.  izrirjEEif:  vu-vcrx~  at  -wiucl  lie  e-chsr 
fcj-xe  » tdiilf  ?tnr.  raurjrrjz  urns  lads  a  iuaiac  d 

^Uczei.iTzicttZc  =  CH.CD.CH  =  OOH  OD^H,  renf  sc 

tc'.  *  ~sjz.are.  iy  ne  sctkc.  if  aqaeam  y.r.z.hT  at  is  c«.  cl^t.  ne-  .-^  2:  21s, 
ir  a  mckjl  a«r,  2*ci{  ac  ij*  A.  25.1.  m,  157.. 


ii  mokoxydicamotylic  azizs. 

i  K:5SZ  7  fAlAJ73  3:CA23CrniC  CiHje— ■  OH  COuHfc. 

X  ttrertra  zjXxan/:iTiic  acids  are  ksoww:  do,  tie 

•naiwx  add  grott  corres£/cx*cs  to  tie  —alocc.  add  greet.,  oxr- 
satetcic  acid  zrvrp  to  tie  e±ji  saccix  acid  grot::,  an^anc  adt 
f  to  tie  gticanc  add  grtet.  etc. 

It  Bar  be  ■otiocec  iere  *  tiers  are  ~.i~  j  retrcseiX  TS  t* 
tiese  adds  is  wisici  tie  hydnarl  grtep  occapifs  tie  r-ymitwi  wiA 
teKretce  to  tbe  czrioij.  group,  and  tiese  ad  ds,  wiet  separated  fin 
tietr  »a_t5_  readily  adti.  ■water  sd  jcCiCc  ^aett-tes.  I—  setter  1 — 
tie  Lctc/>3jc  kvdr,id  grocp  is  itrubesd  itio  tie  ciiasfc  accs-  ps 
as  it  is  ette etc  case  of  tie  tt*ti>s  iasic  20  cs.  Tie  teacr: on  eti-ts 
So  tie  alii  l_zec  tarac&cic  adds  49jj'  **  T<x— I  -"  notk*.  It  is  2 
ooBGCBOBKaoo  z%2f~jsjL  ictTctt.  aidefr joes  att-G  sxctx  acts,  or  —  _  t_^- 
s-ijsc  stccidc  acids  [p-  444y 


OIYMAlOKCt  ACID  GZOU?. 

Tartrcmic  Acid.  CHOH<gjj^,  Oxjmztewu  Acid  \PrgfmmeI 

duuid\  is  produced :  (1)  From  gHceroi  by  oxidation  witn  potrmni 
y~-*-7*r*-*  -  (2,  freer, '  chlcr-  and  bron-nalonic  add  br  tfae  aepoo 
of  oxide  or  by  sapowsfying  tieir  esters  ptc  attaS :es :  3  &« 

tvkUoriactk;  add  »iec  the  latter  is  digested  with  a_c2_  es  ±>  10,  ,  r— 
2-c2  ;  f4  fries  dlbrocc^Toracertic  add  whew  octree  with 
wer;  (5)  froca  mesoxalic  add  bribe  actioc  »  socr^a^x-p. 
((  Xuelats  rrwihesit  r  front  glroxyl  c  aciG  by  tbs  2tt:in  .  CNH  a^d 
h^  iroebiode  add,  and  by  the  spontaneous  decaanpoEC^  --  n--  -~ 


tartaric  acid  and  dloxytartaric  add.  .  .  ,  -w 

Its  tonaotka  crons  nstro-tartaric  aesd.  dfscr.ec  in  ues- 

giT«t  *S  tbe  Laite  taitronic  add. 
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Tartronic  acid  is  easily  soluble  in  water,  alcohol,  and  ether  a 
CTrstallizes  in  large  prisms.  When  p*ire,  it  melts  at  184=,  decoaV^ 
into  carbon  dioxide  and  poly  gly  collide,  (C,H,0,)x  (B.  18.  --f/  " 

The  calcium  salt ,  CjH,0*Ca,  and  barium  salt ,  CjHjOjBa  — 
dissolve  with  dimcalty  in  water,  and  are  obtained  as  crystalline  **-- 
cipitates.  The  ethyl  ester,  C,H,Ov'C.Hs\s  (see  above),  is  a  iiorid  bl 
ing  at  222-225°.  The  acetate,  CHaCO .  OCH(CO.CH..  b  ih  - 
158-163°  (60  mm.)  (B.  24.  2997). 

Nknmulmic  EsUr.  NO, .  CHCO,C,Hs\^  fe  as  oC  (  B.  23.  R_  62  l  DimtShi  k- 
frii.ifii.wl,  XQ,CHCOXHCH,  y  melts  156°  (B.  2*.  R  012  . 

Fsumi^trU  edd  is  also  a  deriradTe  of  citrcmajccic  add  p.  25s 
AmaJmmmimac  Add ,  XH,.  CH{CO,H  r  coexists  of  gHger.— =f  T: 

froc  the  redacDoo  of  miMiiii— Imi  add  see  this  *.  When  its  amez*ns  vrrrr  2 
fce-ied,  this  body  breaks  down  into  CO,  and  glydn  (p.  354  .  Its  umidf.  XH,  1 K- 
(COXH.  r  wa n\  a  is  formed  when  alcoholic  anoua  at  i^t:  an-  men 

chkamalocx:  ester. 

XH [CH ,  ODNHJJ,  (B.  15,  607)  is  prodded  2:  the  w 
*ifrL*y  XHjCH  is  2  poljmede  of  pnssc  aod  p  231  . 

Alky  tie  Tartronic  Acids* — J Methyl  Tartrwmic  Add,  Isowfic  Aridy  c-ausonc* 
cmic  aci  CH^C^OH  is  obtiir.ed  I  by  the  action  cf  s>er  cxide  nice 

hiaaisogucdLic  acid ;  (2)  when  pnsac  acid  acts  wpoc  pnoRcenLc  acid ;  *  r.c 

ciacay:  cyanide  p.  370)  by  the  action  of  kmirg  hjdrochkwic  acid  fB.  26.  R.  7;  27, 
5IC  -  J^te  acii  breaks  down  into  COj  and  lactic  when  K  is  heaird  to  tso:. 
Tjrtrzm*  Add,  CjH5C(OH  )(C01H}r,  is  formed  (l  oc  boding  ethyl  chkr- 
es»  wim  baryna  water  ip.  442  ;  (2)  from  diprcpsocy,  cyanide  7  571  ; 

*  5;  actkxi  of  ethyl  iodide  upon  sod:  cm  iceunrccic  ester  B.  24.  nio: 

It  melts  at  9S'.  and  when  tested  feigzer  breaks  down  into  CO.  *~d  :-cit icti: icc 
/Vijy/  7krfnmf  Add,  CH,  CH,  CH,  .  C<OH > .  (CO,H  f  —  H,0.  mefe  a:  5-- 
5«3»  Irp?rrt?\  Tmwtrwm jV  Acad  decomposes  at  f  ty  Tber  are  firmer  fcy 
sapocincancn  of  diDdyryl  and  dnsobcrrrrl  diennide  7.  j. 

c -Amridmsmmtdmk  Acid,  CH,.  Q.\'h'  CdOHU  resits  when  pynmcsnx  add 
is  acted  epoo  with  CXH  and  alcchclic  ammonia  (B.20.  IL  507  . 

t^S7is^aimi€  ***'  CH*OH  -  CH(CO^I  V  etkrl  oi*r.  C^OCH,  CH 

CJL5  been  obtained  from  methvlene  malcnic  escer  p.  4^6  Lx  the  soiem  :: 
alcoholic  potash  (B_  23.  R_  194).  *  u- «  f  - 

■  Oxyalkylic  Malonic  Acids. — The  following  i-oiraakck  sods  are  cc-7 
known  in  the  form  of  alksl:  or  alkaline  earth  salts.  ^  These  are  procured  when  me 
exarrespooemg  )-kncce  carboxylic  acids  are  treated  with  cansdc  alkalies  cr  — - 
hvcraies  of  the  alkaline  earths.  The  j  lactcnk  acids  can  easiX  be  e:c  mese 
;  these  salts  are  prod  need  by  treatment  with  nrh-r.r^ 

BmfyrT*Za<c£sM£-G- Cj id* jrp  ~L  Add,  ^  ^  *  CG2H^  ^ free: Iron- 

^  maJorik  add.  ExCH,  CH,  CH(CO^IV.  iLg  nj®.  Ttis  s  the 
vI  -  prodsia  of  vin&cocic  add.  the  bneATk^l-dicabaxdK  ^ 

W. on  digesting  the  latter  With  dilute  snlpfaeK  ^ 
li  _  '  *  Heated  to  I20~,  botrrclicioce  catbcxviic  acid  breaks  — :c  v~’ 

^  bomolactooe^  uj).  The  ^  of 

CH,.  CH, .  CH<0:>;h  melt  at  142®  (B.  23.  R.  2S6). 

a  vUdmu-i-cmwUxjBc  AcU,  CHs*  CHj  .CiCHjKO.H  ^  t: 

tews  methyl  iioascdnic  ester,  the  reason  product  of  e*J*T^ 

f,  ~  ^  isoascctnic  eser,  is  treated  with  barra  asd  jess 

(A.  294.  50  . 
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a -  Cj rbozMlereiactonc  Cariexrfic  Acid,  )  -Methylbutvrolactone  a-carboxvlic  Acid, 
CH, .  CH .  CH, .  CHCO,H 

^  _ ^  ^  ,  results  when  ally!  malonic  acid  is  acted  upon  with  HBr. 

It  breaks  down  at  200°  into  CO,  and  )  -valerolactone  (p.  345). 


OXYSUCCINIC  ACID  GROUP. 

Malic  Acid,  Oxyethylene  Succinic  AciJ ( Acidum  malicum) , [Butanol- 

„  ho.*ch:  co'h  .  . 

diacid],  Malic  acid  contains  an  asymmetric  carbon 

atom  ;  it  can  occur  in  three  modifications:  (1)  a  dextro-rotatory 
form,  (2)  a  lsevo-rotatory  form,  and  (3)  an  inactive  [d  -f-  1]  variety. 
This  is  a  compound  of  equal  molecules  of  the  dextro-  and  laevo-rotatory 
modifications. 

The  laevo- variety  occurs  free  or  in  the  form  of  salts  in  many  plant 
juices,  hence  it  is  frequently  spoken  of  as  ordinary  malic  acid.  It  is 
found  free  in  unripe  apples,  in  grapes,  and  in  gooseberries,  also  in 
mountain-ash  berries  (Sorbus  aucupand)  and  in  Btrberis  vulgaris. 
It  is  obtained  from  the  last  two  sources  by  means  of  the  calcium 
salts  (A.  38,  257;  B.  3,  966).  Acid  potassium  malate  is  contained 
in  the  leaves  and  stalks  of  rhubarb. 

Historical. — Ordinary  malic  acid  was  discovered  in  17S5  by  Scheele  in  unripe 
gooseberries.  Liebig  ascertained  its  composition  in  1S32.  Pasteur,  in  1052,  ob¬ 
tained  inactive  malic  acid  from  inactive  aspartic  acid,  and  Kekule  (isbl)  ma  e  1 
from  bromsuccinic  acid.  The  dextro-acid  was  first  obtained  by  Bremer  in  the  reduc¬ 
tion  of  dextro-tartaric  acid.  ......  /«  „„ 

Formation  of  Optically  Inactive  or  [d  -|-  1]  Malic  Acid,  melting  a  j  (  •  9* 

1.  From  the  mono-ammonium  salt  of  lcevo-.  and  dextromalic  acid. 

2.  By  heating  futnaric  acid  to  1 50-200°  with  water.  0  tR 

3.  When  fumaric  or  maleic  acid  is  heated  with  caustic  soda  to .100  (B.  18, ^713). 

4.  By  treating  monobromsuccinic  acid  with  silver  oxide  and  water,  w  ul 
alont,  with  dilute  hydrochloric  acid,  or  with  dilute  sodium  hydroxide  at  100  (B.  24, 

R.  970).  .  .  . , 

5.  By  the  action  of  N,Os  upon  inactive  aspartic  acid 

7.  Xh„'^“c1sSrC!smX'iW»U 

S4'  84,By  thl’^Mon  of  caustic  potash  upon  the  transposition-ptoduct  of  CNK  and 

CC.CH  .OH  , 

10.  When  caustic  potash  acts  upon  >  chloral  and  malon,c 

CH,.  CO,H,  the  reaction -product  of  glacial  aceuc 

acid  (B.  25,  794)-  ,  r  to  6  has  been  proved  by  means  of  the  well-c 

The  identity  of  the  acu  s  HaO,  of  the  inactive  acid  (B.  18, 

lized  mono-ammonium  salt,  *  1 

2170). 

,  dextro-  forms :  Racemic  acid  can  be 

tTi nactive  mal ic  acid,  which  cinchonine  will  resolve  into 
reduced  to  ina  18,  R.  537)-  The  dextro-acid  has 

Sso  been' obtained  by  till’ reduction  of  ordinary  or  dextro-tartaric 


CryStal- 

1949. 
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acid  with  hydriodic  acid,  and  by  the  action  of  nitrous  acid  ruvn 
dextro-aspartic  acid,  whereas  Istsparagine  and  1-aspartic  add  yield 
ordinary  or  bnulic  acid  yR  2S,  2772).  To  convert  the  two  oiuicallv 
active  malic  acids  into  each  other  it  is  only  necessary  to  treat  the 
chlorsucdnic  acids,  obtained  from  them,  with  moist  -  oxide 
(Walden,  B.  29.  155V 

Prwperiiei, — Malic  acid  forms  deliquescent  crystals,  which  dissolve 
readily  in  alcohol,  slightly  in  ether,  and  melt  at  ioo°. 

ifcftartamC. — Natural  malic  actd  shows  the  following  reactk  > 
(1)  W hen  heated  for  some  time  to  140-150''.  the  principal  product  is 
fumaric  acid  :  heated  rapidly  to  iSo'\  it  decomposes  into  water,  niiaarie 
add,  and  maleic  anhydride  yp.  459).  fa)  Succinic  add  is  formed  by 
the  reduction  of  malic  add.  This  is  accomplished  by  the  fermenta¬ 
tion  of  the  lime  salt  with  yeast,  or  by  heating  the  add  with  hydriodic 
add  to  130°  (p.  443)-  (3)  When  it  is  wanned  with  hvdrobcoaak 

acid,  it  forms  monobrom-succinie  add.  PCI,  at  the  ordinary  tem¬ 
perature  converts  1-malic  acid  into  d-chlorsuccinic  acid,  which  u\u>: 
silver  oxide  changes  to  d-malic  acid.  (^4)  Coumalic  acid  (p.  i> 
produced  when  malic  add  is  heated  alone  or  with  sulphuric  add  or 
ainc  chloride.  (5)  The  coumarines  are  produced  when  the  add  is 
heated  with  phenols  and  sulphuric  add.  This  result  is  probably  to 
be  explained  by  assuming  that  the  malic  acid  first  change  e  halt- 
aldehyde  of  malonic  acid.  CHO.  CH,.  CO,H.  and  this  tK  cva- 
denses  with  the  phenols  <R  17.  1646). 

ScArvfd/  /m**  STT>e  .■  «w.1i/a  C»Hvt\N  H*  *r 

H,0  (R  18,  1040.  -170).  The  aj&tiiy/  ester*  C,H,vOH  (COX **** 
boils  at  *55*  (R  25.  244$\ 

Tbe 

es.,vxMsi  to  *  tesarerttuxe  of  160-200^.  becomes /tarngnmidt^  .Ml  vv 

159  AiurV 

AVafr*/  .IAmCt.  C\H CVO*  4-  H.O,  semrates  *s  a  errs:*  ;y«  ;* 

boKag-  The  acid  salt.  (C,lLt\.C*  4-6HLO,  tofms  l*rc?  errst*!*  *** 

xery  seOuUe  in  cold  rwr  R  19!  R,  079V  ^ 

Nm&uun  £*v pTW"  the  acid.  C,H.Rrv\>l  is  farmed  when  the 
solunoB  of  sodium  dibeoj»stK«in*:e  k  bailed ;  milk  of  lime  tnmsidtnss  «  v.*.»  » 
acid. 

I  £i»m  TV  ijilirV  fswts  *Vn  sk'wlr  V*tA"  11 

famine  esters  R.  18.  1052V  while  PCX  and  PR.  ch*»$es  them,  in  chk*vvc<-  -  - 
dchkw  and  ddram-saecamc  esters  tp.  4>l).  '  '  lV< 

The  optical  K*uery  jvwer  of  scoe  of  these  esters  has  been  determine*  1 
«e  WvotvtMcnr  VB  sS.R  715 ;  ^  R.  to*,  C  1S0;.  I,  So  : 


t-Mific  Methyl  Ester  boils  122' 
l-Mi'ic  Ethyl  Ester  ** 


120 


l  pprrTi  Ester  *• 

I  Milx  n  hitll  Ester  »  i  V 


juoD&dxxxmc  aod s. 
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CH,  CO .  OC^H/C/a  ,  sc  5  J-54'  *d  ***■*  *  *o-&a?  ix  mm  . 

4eompJte*  ruts.  &t£k*2  M  the  orc&a? 7  -essr/tzirjzr*  kt&  wleSc  aujdbic  sz/d 
ays/.  adfl  A.  254- 

AvttfUmabc  kjsllt*  e&es  six  a  13**  12  —rt.);  c  >]  =  —22.  *64,  = 


txx**Am£x  *&f:  ester  lr£*  zl  *41*  (12  =2^);  <0]  =  —22^01,  JT^'l  = 

HapMfUflMfe  mt&ji  «**«  bc&s  at  142*  (12  -■-)  5  <*]  =  — 2>cA,  -*To]  = 
— ^5^ 

Amide:  «f  Leze-metu  Add:  Etbjrl  Kalas^ts,  CjH,  **  '-^ 

teaacc:  iff  Leading  szzxu  cso  *i«  iko<vj:  vSjcxx.  <a  masac  •azss ;  it  f  .rs2  *  — /*" 
tiiiiK  ssaat- 

KaLair.ade.  C#H/y?„  *  fraec  by  tac  acace.  <rf  zx=ex-jt  zzxjl  dry  earl 


ZmlfhttMociMU  Arid.  •'  SO,H  ,CjHj>  CO,H  ^  - 

VCkUrmeUe  Ethyl  E*rr.  ratbag  as  162-165*  I- ■**-«.»*  **** 

oUr,  luffing  at  165-162*  15  ca  ),  et  p/iatsd  ▼»&  sac  r£fs  *c 

■i^iarariisck  B.  z2.  1291;. 


am:i>o-5UCc:kic  ac:x>s. 

Asperse  acid  bears  lilt  issue  reiadco  to  nfr  aad 
cean  k,  g5y*»2»c  acid  aad  acetic  add ;  b«»ee.  -  2*  za—ez 


XH-.CHjCXXH 

GhyfxxxA 

KHjCH.OOjH 
CH,-CO*H 

'  Acad 


HO-CH-.CXLH 
Gjy»ux  Add 

HO  -  CH  -  CO,H 
CH,.  O0,H 

Italic  Add 


*dAc  2£  ^Ttoeol! 
'  ■ - --"add : 

CH,.O0,H 
A cede  ' 


CH,.CO,H 
CH,  -  CO,H 


Add. 


AmidoRicdmc  add  contains  an  symmetric  cariwo 
maheadd,  it  can  appear  in  three  modifications.  The  1 -^-C.  -- 
dnic  add  or  laevo-aspartic  add  is  tbe  most  important  o 

Inactive  [d  +  I]  Aspartic  Acid,  Aspzracadc  Add,  KH,C^H,  COjH,  r 

prefaced :  , 

I  By  tbe  mien  «f  1-  and  d-asparoc  add*.  ^ — w-:3.  to 

(2/  Oa  Lezricg  actir-t  aspartic  add  *■—  w^f^*  p  i6cai 
wki.  h  j4rc*h>xk:  aod  to 

ft  <»  “•  «•  - 

*  (T  ^ 350. 

$■  -i.  K — 

Nkrom  acid  chaoge*  it  to  inscu^  ma-*c  aoo.  ^  ^  l5a_I54® 

21,  IL  1  CH.CO/^H*  «dda* at  165*  (tku«a|»Mitinn),i* 

Ethyl  <i- Aiportt^  Eftert  XH,-  (~\i  CtJ  H  *  ,  ,  . 

7  JlL  K^r  and  the  diethyl  ox- 

cofttj/atre  p*  40*  j' 
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C  H,  .  CO  .  C,H5 

E!kyl  p- Aspartic  Ester ,  £  CQ  R  ,  melts  with  decomposition  at 

about  200°,  and  is  also  obtained  from  the  oxime  of  oxalacetic  ester  by  reduction  with 
sodium  amalgam.  A  partial  saponification  occurs  at  the  same  time.  Ammonia 
converts  it  into  the  two  optically  active  asparagines,  which  are  therefore  0-amido- 
succinamic  adds. 


NH. .  CH  .  CONH, 

[d  1]  a-Asparagine,  i  ,  decomposes  at  213-2150  without 

CiT^ »  COjH 

melting,  and  results  from  asparaginimide,  aspartic  diethyl  ester,  and  a-aspartic  mon¬ 
ethyl  ester  on  treating  them  with  concentrated  ammonia. 

CH  CO 

AsparagimimiJt,  *  5  i  %  >NH  (?),  consists  of  needles,  which  char  at 

CHj .  CO 

about  250°.  It  is  produced  when  ammonia  (B.  21,  R.  S7)  acts  upon  bromsuccinic 


Phenylaspartic  Acid ,  C^H^NH  .  CH(CO,H)CH,  .  CO,H,  melting  at  1310,  is 
formed  from  the  action  of  bromsuccinic  acid  upon  aniline.  P kenyiasparaginanil, 
C6H5N  HCjHjCjOj  .  NCSH5,  melts  at  210°.  It  results  on  adding  aniline  to  maleln- 
anil  ^A.  239.  137). 


1-Aspartic  Acid,  5u^!jliCO*H*  occurs  in  the  vinasse  obtained 

from  the  beet  root,  and  is  procured  from  albuminous  bodies  in  various 
reactions.  It  is  prepared  by  boiling  asparagine  with  alkalies  an 
acids  (B.  17,  2929). 

Naturally  occurring  aspartic  acid  is  kevo-rotatory ;  it  crystallizes  in  rhombic  Pn^®.s 
or  leaflets,  and  dissolves  with  difficulty  in  water.  Nitrous  acid  converts  it  into 

nary  1-malic  acid  (B.  28.  2769b  .  ,  ,  ..wienie 

d-Aspartic  Add  is  produced  when  d-asparagine  is  boiled  with  dilute  uy^n. 
acid  (B.  19,  1694.). 


1- and  d-Asparagine,  XH  ^^^NHs  +  H2°»  a*®  the  monam’ 

ides  of  the  two  optically  active  aspartic  acids,  and  are  isomeric  "  ^ 
nialamide. 

Historical. — As  early  as  I  So  5  Yauquelin  and  Robiquet  discovered  the  °'x 
gine  in  asparagus.  Liebig,  in  1S33,  established  its  true  composition.  Ko|b* 1.  "  ' 
was  the  first  to  regard  it  as  the  amide  of  amidosuccinic  acid.  Piutti  (i^p  a,s 
ered  dextro-asparagine  in  the  sprouts  of  vetches,  in  which  it  occurs  together 
much  l.^vo- asparagine. 

Laevo-asparagine  is  found  in  many  plants,  chiefly  in  their  seed?  : 
asparagus  (. Asparagus  officinalis ),  in  beet-root,  in  peas,  in  beans,  an  j 
vetch  sprouts,  from  which  it  is  obtained  on  a  large  scale,  and  also  » 
wheat.  The  laevo-  and  dextro-asparagines  not  only  occur  together  u* 
the  sprouts  of  vetches,  but  they  are  found  together  if  asparagininuae> 
produced  from  bromsuccinic  ester,  is  heated  to  ioo°  with  ammonia, 
or  by  the  action  ot  alcoholic  ammonia  upon  ^-aspartic  ester  ^B.  20» 
R.  510  ;  b.  22,  R.  243).  Dextro-asparagine,  from  the  sprouts  o 
vetches,  has  been  produced  on  heating  maleic  anhydride  to  no0 
alcoholic  ammonia  (B.  29,  2070). 


COXSTtTmOS  OF  Tr.Z  A^PARAGIXXS. 
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Bodi opticLij  actire  aspangiixs  crystallize  in  rhombic,  right  and 
left  hemifaedol  crystal s,  which  dissolve  slowly  in  ho:  water,  in  aloohoi 
and  ether,  bat  they  are  not  easily  sdnbk.  It  is  ns*  posable  for  then 
to  combine  in  aqueous  sohrtion  to  an  optically  inactive  asparagine. 
It  is  remarkable  tha:  the  dextro-asparagine  has  a  sweet  taste,  while  the 
be  •  o4xm  possesses  a  disagreeable  arc  cooling  tasie.  Past  err  sssmes 
that  the  nerve  sabstarce  dealing  with  tas*>e  behaves  toward  the  two 
asparagines  like  an  optically  active  body,  and  hence  reacts  differently 
with  each. 


vf  Ik*  Azpara^ues. — V.  km  6f  ora*  of  onkfftic  «s:y  fe  rtr.Dei 
yr  »Mi  ~~  *  ’gg-^  _  tCj»i  (f  ^-dk  T^-a^ocosacrzi  jc  acid  is  ixs*d  wtis  £  z^r- 

vc  t^AcoodoB,  keuezAkzg  tzprjm  t he  oo&fitiocs  cf  the  reaarn  Tk  tosirrcc 
of  esc  «  acid,  t:  165'.  fellows  frees  its  f'jrssadi'.c  by  the  recat—so  of  die  t»3 

~jrsj£ut,  kxsedc  nri»r/«arrm:  eiji  esai  ao is.  »iki  sr  cc  CQ,  ^ 

jibd  ■  1  in  j<  acid  p.  371  .  Hsdo,  it  c^J  it  ^ferred  tbsl  de  k*3 

=fedag  wilk  dt^es^xKtxc  at  200s  totaafs?  the  a=£»d&  grasp  ia  th*  3-jcencc: 
r*fe»aot  to  tie  £2rb>x«jkjj  grxp  B-  22.  R_  24J  .  Aaatki  caererts  b:ck  acids 
■to  their  owrejflocbg  ararlAo-adcs.  We  ccoia  iaaarre  c-sscifse  ^ 
e-aad,  fc®  be  3-aid  £  :?*■  of  the  two  orx>caS-j  active  J-tspsn^Ljes  resaws: 


CO,C^ 

CHXH, 


C  =  XOH 
CH, 


oq,h 

t  rsoj**  -a-Aspara- 


CQ, .  CjHi  COjQHs 

i=X(OH)  C=X(OH) 


ia* 

cc^h.  ,. 

Essrr:  Osisido- 
Aod 


L~D 

3-Asvfinjae- 


hmnpmrmemt,  CH,  '<X,*H  ,  re^ts  from  the  aedeo  of  tmadpm 

paroztnt,  XH,CH .  COXH, 

IVX,  prjf - : - 1 


ea-r...  b,  u>e2ldyoo  of  OOH  <o  “-1*  "<* 

redact ioa ;  sad  by  die  redaction  of  alkrfic  ciiWrtK  e^ers.  CH,C(OH  jCO,H 

*  OxypyrrtartarU  Arid,  Govaalic  Add,  a-Metbr!  Malic  Add,  ^  CO,H 

5“°^ 

anhydride  (B.  £5.  196).  A  mUffrr Variant  And,  Ld  —  *J  1 

CHj.OXHjjCO^  u  Q  wheo  anirrdroas  at  1660.  Its  diimtde  resala 

CH,CO,H  ’  * 
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from  the  action  of  ammonia  upon  ita-,  citra-,  and  mesaconic  esters  (B.  27,  R  I2,\ 
When  it  crystallizes  it  splits  into  the  d-  and  1-acids.  ’  ' 

n  CH3 .  C(NHC6H5)CO,H 

p-Amhdopyrotartaric  Acid ,  (^H  CO  H  ’  melting  at  *35°,  results 

from  the  rearrangement  of  the  HCN-addition  product  of  acetoacetic  ester  with 
aniline,  and  the  subsequent  saponification  with  caustic  potash.  When  heated,  it 
passes  into  /J-anilidopyrotartranil  and  citraconanil  (A.  261,  138). 

CH3  .  CH  .  COjH 

fi-Methyl  Malic  Acid,  1  tt  TTx  TI> 's  a  colorless  syrup,  readily  solu- 

CIi  ^OIi  j  •  CO2H 

ble  in  water,  in  alcohol,  and  in  ether.  It  is  formed  when  methyl  oxalacetic  ester  is 
reduced  with  sodium  amalgam,  and  in  an  active  1-  form  from  a  citraconic  acid  solu¬ 
tion  by  the  action  of  a  fungus  (B.  27,  R.  470).  Mesaconic  acid  and  citraconic  anhy¬ 
dride  (B.  25.  196,  1484)  are  produced  when  it  is  heated. 

C  H3C(0H)C02H 

a, ^-Methyl  Ethyl  Malic  Acid,  1  ,  melts  at  131.5-1320  (B.  26, 

CjHjCHCOjH 

R.  I9°)*  .  . 

Trimcthyl  Malic  Acid  melts  at  155°  (IO  sec.  i°),  and  is  obtained  from  dimethyl 
acetoacetic  ester  with  prussic  acid,  with  subsequent  saponification  by  hydrochloric 
acid  (B.  29,  1543,  1619). 

(CH3)2 .  CH  .  C(OH) .  C02H  .  .  ..  .  ,A 

Isopropyl  Malic  Acid,  SJ  1  ’  ,  from  brom-pimehc  ester  (A. 

267,  132),  melts  at  1540.  , 

Paraconic  Acids  are  y-lactonic  acids.  Like  the  y-oxyalkylic  malonic  acids,  t  iey 
are  converted  by  alkalies  and  alkaline  earths  into  salts  of  the  corresponding  oxy- 
succinic  acids.  When  the  latter  are  set  free  from  their  salts  they  immediately  ica 
down  into  water  and  lactonic  acids.  The  alkylic  paraconic  acids  are  formed  u 
sodium  succinate  or  pyrotartrate  and  aldehydes  (acetaldehyde,  chlora 1,  propiom 
aldehyde)  are  condensed  by  means  of  acetic  anhydride  at  100-120°  (Htug, 
255>  1): 


CH, 


CHO  +  ?H-  C0-H  =  V“ - V"  •  +  H,0. 

CH2.C02II  O.CO.CHj 

Succinic  Acid  Methyl  Paraconic  Acid. 

Paraconic  Acid,  CII<^CII2  ,  is  best  prepared  by  boiling  ltabrom 

pyrotartaric  acid  with  water  and  acidulating  the  calcium  salt  of  the  correspond  t, 
oxysuccinic  acid —itamalic  acid,  formed  on  boiling  itachlorpyrotartaric  acid  w  ^ 
soda  solution.  It  melts  at  57-58°.  When  boiled  with  bases,  it  forms  sau 

itamalic  acid_;  it  yields  citraconic  anhydride  when  it  is  distilled  (A.  216,  77 *•  ,r 

CH2-  CH  .  CU2rl 

Pscudoitaconanihc  Acid,  y-anilidopyrotartro-lactamic  acid,  |  'V.-t 

CIIN.CO.CHi 

melting  at  190°,  is  formed  from  itaconic  acid  (A.  254,  129),  by  the  addition  of  fe¬ 
line,  and  the  lactam  formation. 


CII3.CII 


CII .  COJI 


Methyl  Paraconic  Acid, 


CIIjCII - CH.CO.H 


When 


dis¬ 


ci),  co.  d:n  *  ,  melts  at  84.5 

tilled,  methyl  paraconic  acid  yields  valerolactone,  ethidene  propionic  acid  (p-  2S-’  ’ 
methyl  itaconic  acid,  and  methyl  citraconic  acid  (B.  23,  R.  91). 

Trichlormethyl  Paraconic  Add, CCls  ’  ^  ^  1  IC°aI  \  melting  at  97°,  is  changed 

by  cold  baryta  water  into  isocitric  acid  (see  this).  * 


CiUTLTTZ  f.I’C 


CUCP. 


Errri 


r  j-tb  ic  rzierj  3 
icai  2  iirne-i 


t  Tie  Bl  aj-R-cj 

-chco*h 


£Zil 


A.cd.ch, 

CH.  ,C - CH _  CHj.CQjH 

O— OO— CB, 

(CHJtfC - CH.  CH,.  CH..OXH 

Adi, 

0.00. CH, 

_  hr*  t_  x  iscssec  is  rrvsra:  tit  r 


rrurn 


Acre., 


CjH-.CH  .CH 


A. 


CO 


-Hgr.nTar- 


gai  C-H-^Q^  oi  pnrrxaoDtj:  »rii.  QH=0,  *»-  j1^  -  ^ 

-r-.-nr-r  rr  lie  of  :^;r-r  -^.-B:rrx  1QC. 

I  «.-t  ■  —  .  *— g  -t-  A  rr*  -m*-' g~  *3&*.  HiI  abid  ibST  »fil 


OXYGD-UTAXIC  ACID  GSOUP. 

•  Qiygi=taric  Aoi  CH,<^  aoS.  66.  cui  B.  15-  H5T). 

I:  -T=- ^frC,  iv  -W"  Hesssc  wtthjdarik 

gncsSr  ad*  n.  45a).  Was  V^red.  3 

<Vt’=  <  V  ^  ,J9  _  „  ■  ■  „  -CH  ^H.  OOH 

dmtmmmmc  Add,  f-Amccif-rEK  Aod.  0  »  “ 

{p.  451,  a*di  3e»-R  *  c*2.  lie  inilic  acad  p.  4$T  ■» 


scoest  k  *  f  -Virrf^-.  Demo-  cr  i —  „  „ 

iessfs  1e  s:rx3  of  i^caca.  ss  we3  wiik  *spim^  add  ; 

beer,  ntt.  a:  s  xnaed  A<ceg  to  ctag  u.42-».TEia5  ‘P-.ffl  .  .  .  _ 

.  c-  -~W  wih  xlace  sxicot  k  ^  a*  T-aa  riw^ofeedi*. 

»  ia  bff  i^ixb-e  i=  akodai  etber.  U  se^s  a  202-2015“,  iad 

sz5~rr  zazrmli 


r.~  r*-r— er-^  §—  gjg  V£  J'JLfiet*  by  — -  -  <PtMin 

r-S7^nf??-  n  £-:=a=£^c  *od  «rits  m*  *TJB»  n""ir.^d  «  *“*^6 
■  to  ii&-i4=  wkfc  i«m*  «ex,  »i  fr®  ■  i  n.ifcl-wir  *0-3  A.  aoo.  1*9}- 
It  xei  c  io«®.  a*d  br'Rsrod .uj.nJiMi—  ami  do^m  tod-  xac  -  £  -  J— ** 
i3;  cn«k  B-  *7,  R-  ST***;  »9.  *7°°*-  [d  -  J3  Pyrog-^=i=  c  Aoi 
_  -.-..j  -.  riU-.sJ  b4j  ,.^-ia  trf  dae  s  clause  »od.  ^mch  resets  oo  aeacr-g 
c^Sj  add  tolyo",  ^  00  zax-zxd  bea^g  breaks  down  ino  OO, 

Cli  p^Trci  I  Bl  15.  I342  f- 

,CH  XH,CO^  — HjO  XCH  ^Hj.CO^  ^CH-X:I 

CH,/  - ^  CH*  V  I  KjO  ^  Xrpr 

SqrPOg  P^S^ScA^d 

G‘.-U32«#  «- 


add,  CjH,  NH,  occurs  :cgwher  with 
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asparagine  in  beet-root,  in  sprouts  and  other  plants  (B.  29,  1882,  C.  1897,  I,  105). 
It  is  optically  inactive. 

-Carbovalerolactonic  Acid,  d-methylglutolactoaic  acid,  valerolactone-y-car- 

C(CH8)(0)C0,H  o  *  j  v 

boxylic  acid,  CH,<  1  ,  melting  from  68-70°,  is  deliquescent,  and 

CHj - CO 

is  produced  (1)  by  oxidizing  y-isocaprolactone  (p.  346)  with  nitric  acid  (A.  208,  62); 
and  (2)  by  the  action  of  potassium  cyanide  and  hydrochloric  acid  upon  laevulinic 


acid  (p.  379)-  hopropylglutolactonic  Acid ,  C02H  .  CfCjH^CHj  .  CHjCOO,  melt¬ 
ing  at  67°,  has  been  obtained  from  <5 -dimethyl  laevulinic  acid  by  the  interaction  of 
pmssic  acid  and  hydrochloric  acid  (A.  288,  185).  a- Oxy-a^a^a-trimethylgliUo- 

lactonic  Acid,  ,  melting  at  103°,  is  formed  from  brom-tri- 

methyl  glutaric  acid  on  boiling  it  with  caustic  potash,  as  well  as  irom  me=i tonic 
acid,  prussic  acid,  and  hydrochloric  acid  (A.  292,  220 }. 

Mesitylic  Acid,  a- Amido-aa^- trimethyl  glutaric  lactam. 


c(ch3)  xhco2h 
ch><c(ch,),£o  ’ 

melts  at  1 74°,  when  anhydrous,  and  is  obtained  by  boiling  the  hydrochloric  ac,  . 
addition-product  arising  from  mesityl  oxide,  cyanide  of  potassium,  and  alcoho  see 
mesitonic  acid  (p.  381).  It  is  converted  into  unsym.  dimethyl- succinimide  (B.  14, 
1074)  by  potassium  permanganate. 

0-Oxyglutaric  Acid,  CH(OH)<£h’;  melting  at  95°.  has  bccn 

by  reducing  an  aqueous  solution  of  acetone  dicarboxylic  acid  (B.  24,  325°^-  ^ 

phuric  acid  converts  it  into  glutaconic  acid  (p.  467).  The  diethyl  ester  boils  at  155 
(II  mm.)  (B.  25,  1976).  Ammonia  changes  the  ester  to  the  diamide,  which  passes 
over  into  glutaconimide  when  treated  with  sulphuric  acid.  .  . , 

3-Chlorglutaric  Acid  results  on  treating  glutaconic  acid  with  hydrochionc  ao-- 
From  it  and  glutaconic  acid  there  results,  bv  the  action  of  ammonia : 

fi-A midogluta ric  Acid,  CO,H  .  CH, .  CH(NH,)CH,  .  CO,H,  melting  at  247"24s' 
with  decomposition. 

CH(CO-H)  CHjCHjCO  ^ 

d- Cap  rolac  tone-}  -Carboxylic  Acid,  _  i  ,  melting 

dlj .  ^^11  B 

107°,  is  produced  in  the  reduction  of  a-acetglutaric  acid  (B.  29,  2368).  Compar 
also  p.  278  and  yd-hexenic  acid  (p.  284). 

a-Hydroxyadipic  Acid,  see  B.  28,  R.  466. 
a-Bydroxysebacic  Acid,  see  B.  27,  1217. 


B. 


!lSC 


OXY-OLEFINE  DICARBOXYLIC  ACIDS. 

Oxymethylene  Malonic  Ester,  (COjC,H5),C  =  CHOH ,  boiling  at 
forms  a  grav  copper  salt,  melting  at  13S0.  Ethoxymethylene  Malonic  Es.er. 
(COjCjHj'jC,  =  CHOCjHj,  boiling  at  280°,  is  obtained  from  malonic  ester  an  - 
orthofonnic  ester.  It  combines  readily  with  malonic  ester,  forming  dicarboxylic 
taconic  ester  or  methenvlbismalonic  ester,  (COX-H.’.C  =  CH  .  CH(CO,C.H5  1 
(B.  26,  2731,  and  private  communication  from  L.  Claisen)* 

Cyclic  oxymethylene  malonic  acid  derivatives  are  produced  bv  the  action  of 
amidmes,  hydrazine  and  hydroxylamine  upon  dicarboxvl  glutacomc  ester  (B-  27, 
1658;  30,821.  1083).  J  *» 

Amidomethylene  Malonic  Ester,  (CO,C,Hs),C  =  CHNH.,  melting  at  67% 
can  he  obuuned  .rom  ethoxymethylene  malonic  ester*  and  dicarboxyl -glutaconic  ester 
by  the  action  of  ammonia  (Chem.  Soc.  59,  746J  ^ 


^KfMausnwE 


-35 


i*r> 


Aaffiyini*  _  X  ucr^  a:  jt* 

iiv'^rC  v»  «*"ir,^  vi  «fyi/.»r  -c  iear&^^yBr  sen  2m  «rfnetic  sen  »i5l  xA 
au*r/'/  *  *v^  jtavvuv  vmtSto  x  ntiv  £  mar.tr*  of  sner_c  am  'juuacxrjL  es^trs 
(*  5^*J^ 

cp/j.c — ov^s, 

E-^i/hawK  2«.*^  i_  ,  „,  aaHn^  a  132s  -i  m  -  s 

3  if-y-'V 

/•/  y/<  a^ien.  erity  fnsjt  ae*  vrssi  «  »*r  ttulacsSK  esisr.  22  ««fl  as  f-m  inlnacy 
c  vjvtuw^au',  t*«r  «m  nsrioam  *S17'«K.  I^rtMsaweenae  oksr  s  praomen 
uiwi«AV«.'i  tt  *  rAnm.  jax  i*  ram  fcvdr  ruac  *  5v~rutn  -_le-jb^l  rue  scum. 

*vtuia»  trays rie  vita  la/r  tron* yfaauEK  *3>.rr  i  £.£  25ZX  b.  '_am  tuns  mci-es 

Mta-.ry*  ezimrf-Mmtne  t-".£„  ■ntz.-joq?  ar  133*.  -Vrir  mayimm  rxji’=er3 

4»it  mw  Vjtm  t*x« vzras-ieac  a ZLirv-T&z  Znavr j-zjzjzc.  i  prafar«  17  -me 
ar-uv*  vc  »V.*r  w  me  aosyarnie.  meis  *.  ix£r.  H^crvcuu-ic  sen  *jan?s  ymrzj- 
iutwi-ic  son  *^v vrjrasL*€s-  tmtn  MBf,  maiaaetic  atm  r  25.  :"^2 

f-r&.  j,  *  ta**  astuwn.:*  *§A3»iiHpF'>anKS«f’  oe^edk  eswr  *  t~  srnnaunrmr  usr  ’  2.- 
«**  ^  ***r,  -  QOKH.  .  CHOj/^Hr  *  acc*  si  ij1, 

«n  ^a'_ui_,T  •xaas&A  *>»  -jaamxm  sen  ztzsjut  esar  A-  255.  >tn  ^ 

E^Ti  AxuiifcMri;  EttK.  ,  «  20-ag  a  1421  2s 

OOj-  CjHj- C  -  H 

**>  *  37  acrir«  «'  aaffirju^xr*  mjirfmam  ear.  esisr  ai  aJcr- 

*u*--?n  «%i  •**?;  j!m>  ty  me  sscii  £sdb lam  oaXacetn  esier  A-  235-  34- 

Oi^sr  K«ue  »<v»4f  daises  k  i>  mboic  esie.  E-tcyl  Aciicc 
XHL.C.OO.M, 

E««,  '  1  c?j,  2&U  21  139s,  21*-  2i=}l  A: 

OOL,  CJL, .  CH  * 

XlL.C-COXH, 

aaeide  Efter,  l  ITLiatcs  21  119s.  Sc*  siflKsnpt.  >  43.1  C. 

HC.COX^H*1* 

1*97, 1,  ^ 

OiTt&tSsykt*  Sefmk  Evt«,  4  asr.  Ssccac  usjs. 


CH'OH;: 


^H,  -  CO, -  CjHj* 


W  'jjr  *  125'  f  16  can  ,  rtb»k»  Croat  me  ccoie^saaa  o?  hkj-isjc  esier  'mjcakxmx 
cs*tr  iiyi  kx.m  «&?<**.  Icmc  ciioride  ffijfr.i  a  wet  cx-c^co  «  B.  a£.  9*  - 

It  'a*,  v*  rvc  vjti <s  lo  kawfie  «R*r  p.  492^,  2^2  tae  2- c^ttri M.  r^io  sj£»- 
fcvJ,  frxKac  ac*L  a^2  wscckic  axad  B  27,  3«^-  S«  B.  26.  aor.i.  fcr  ts^  aese 
of  iijr^ubt.  Tbe  katcae  co»rtyd«C  *0  ox  jffissir  *k  sr«if  soa  b  F-t^  J : 

Accaic  Acii,  ^°’H,  =^-*«  »  i^3  00  “ 

ilnun  >ad  iw.  V  SfLj f.347  i  E.  j«o  . 

»  >4'.  Acx-ojc.  iod  ban  doe  sxroe  relatx®  u>  etfloxpaabTinae  «waac  e^jx  ^ 
fo— alir  acid  wM*  to  laesBtd  mrtBoxjmrthr^  giatacc^c  eacr. 

CHj ,  C  =  v  -  %  ^  .  p 

O'AraiQoctbideiK  Succinic  Eater,  VH,  CH, .  COjC^H-’  **  ' 

20.  305!-  aod  a-  A m  ir>oethidetie  Succinimide  ^ehs  «  274'.  See  acetosccdnk 

tlljy 

MucolactonicAcid.  ^  cq  V;H,  ’  “  C*jCUX>t<i  ^  beatm«  dl3ro,MdlP,c 

acid,  C  HJE4r/>4  f  from  brdroroocooic  acid,  p.  467).  «l»«f  oxide.  It  melts  at 

122-125''. 
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/3-Amidoglutaconic  Ester,  C02C2H5 .  CH  =  C(NH2)CH2 .  C02C2H„  boils  at 

(JH  co 

i57~i58°  (12  mm.).  Glutazine,  /3-amidoglutaconimide,  NH, .  '  \vn 

i  . ,  „  Ny'CH2.CO/  ^ 

melts  with  decomposition  at  300°  (compare  acetone  dicarboxylic  ester). 

Lactams  of  y-amido  unsaturated  dicarboxylic  acids  result  when  ammonia  and 
primary  amines  act  upon  acetoacetic  ester  (A.  260,  137)  : 


CH3.C0.CH.C02C2H5 

CH2.C02.C2Hr 


CH3.C  =  C.C02C2H5 


nh2.ch2.co.oc2h5 


CH..C 

>  I 


:C.C02C2H5 


NH.CO.CH, 


Lactams  of  d-amido  unsaturated  dicarboxylic  acids  are  formed  when  ammonia  and 
primary  amines  act  upon  a-acetylglutaric  ester  (B.  24,  R.  661). 


C.  OXYDIOLEFINE  DICARBOXYLIC  ACID. 


CH  = 

Coumalic  Acid,  1 

O.CO 


-C .  C02H 


i  _  >  melts  with  decomposition  at  206°. 

_ _  CH  =  CH 

It  is  isomeric  with  comanic  acid  (see  this).  It  is  produced  when  malic  acid  is  heated 
with  concentrated  sulphuric  acid  or  ZnCl2.  Oxymethylene  acetic  acid,  HO  .  CH  = 
CH  .  C02H  (p.  361),  is  an  intermediate  product.  Its  condensation  gives  rise  to  t  ie 
coumalic  acid,  since  the  latter  is  also  formed  when  sulphuric  acid  acts  upon  ox y- 
methylene  acetic  ester  (A.  264,  269).  Like  chelidonic  and  meconic  acids,  it  form* 
yellow-colored  salts  with  the  alkalies.  Coumalic  acid  is  decomposed  by  boi 
baryta  water  into  glutaconic  acid  (p.  467)  and  formic  acid.  Boiling  dilute  su  p.iuric 
acid  breaks  it  down  into  C02  and  crotonaldehyde  (p.  208).  Ammonia  convert- 


into  the  corresponding  6-lactam,  the  so-called  fi-oxynicotinic  and. 
CH  .CH, 

pyrazolon, 


It  combines  to 


•vt  x-„>CO  (p.  367)  (B.  27,  791),  with  a  dilute  hydrazine  solution. 

N  -  IS  H  ^,->1  TT 

Oxymethylene  Glutaconic  Acid,  HO  .  CH  =  C(C02H) .  CH  =  CH  .  l  *  ^ 
Coumalic  acid  might  be  regarded  as  the  d-lactone  of  this  oxy-acid.  It  is  not  '  __ 

in  a  free  state,  but  methoxymethylene  glutaconic  methyl  ester,  CHj  • 
C(COjCHs)  .  CH  =  CH  .  C02CHs,  melting  at  62°,  is  produced  on  treating  counian 
acid  with  methyl  alcohol  and  hydrochloric  acid  (A.  273,  164).  _  r(~v 

,  ,  ,  ,  .  m  C(CH ,)===V'  1  * 

Isodehydracetic  Acid,  Dimethyl  Coumalic  Acid,  ^  - —  r  rH, 


melting  at  I55°>  is  isomeric  with  dehydracetic  acid  (see  this). 


_ ^ _  It  is  produced  (0^7 

the  action  of  concentrated  sulphuric  acid  upon  acetoacetic  ester;  (2)  from  ?vhen 
crotonic  ester  and  sodium  acetoacetic  ester  (A.  259,  179)-  It  decompose 
heated  to  200-205°  into  COa  and  mesitene  lactone.  The  methyl  ester  melts  at  b7  f 
and  boils  at  167°  (i4  mm.).  The  ethyl  ester  boils  at  166°  (12  mm.).  T“  '■  ». 
takes  up  ammonia  and  yields  an  ammonium  salt,  which  in  a  certain  respe^ 

larly  constituted  to  ammonium  carbamate,  =  O  : 

’  NH, 


NH40  1  CH 

nil>l  • CH 


0.C(CH3)  =  C.C02C2H5 
=  t.CH, 


(i- Oxy nicotinic  Acid  and  /J-oxy-dimethyl  nicotinic  acid  are  d-lactams  correspond 

Z  The  «h,l  es,er  of  the  second  l«»n; 

tne  so  called,  carboxethyl  pseudolutidostyril,  meltimr  at  1^7°— results  from  u 
action  of  ammonia  upon  ethyl  isodehydraceUc  e^er  a  icS-tao0  The  same  «M* 
tam  is  obtained  in  the  condensation  of  /?  -Y  e.  100-140  .  inc 

uuaensauon  of  /3-amidocrotonic  ester  (p.  363)  (A.  259»  1  ‘ 
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13.  KETONE  DICARBOXYLIC  ACIDS. 


Dibmc  carboxylic  acids,  containing  a  ketone  group  in  addition  to 
the  carboxyl  group*,  are  mainly  synthesized  as  follows : 

1.  By  the  introduction  of  acid  radicals  into  malonic  esters. 

2.  By  introducing  the  residues  of  acid  esters  into  acetoacetic  ester. 

3.  By  the  condensation  of  oxalic  esters  with  fatty  acid  esters. 

These  methods  of  formation  will  be  more  fully  considered  under  the 

individual  groups  of  the  monoketone  carboxylic  acids.  Tr.e  position 
of  the  two  carboxyl  groups  is  again  the  basis  for  their  classification  as 
the  kctomalonic  acid  group,  tr.e  kctosuccinic  acid  group,  the  kctoglutanc 
acid  group,  etc. 


KETOMAUONIC  ACID  GROUP. 


Me&oxalic  Acid,  Dioxymalonic  Acid,  \_Propandiol-diacid"\, 


melts  at  1 1 5°  without  loss  of  water.  It  is  assumed  that  in  this  acid  as 
in  glyoxylic  acid,  and  oxalic  acid  crystallized  from  water,  the  water 
molecule  is  not  present  as  water  of  crystallization,  but  that  tr.e  double 
union  between  the  carbon  and  oxygen  has  been  severed,  ana  t  ja*.  it 
has  attached  itself  to  the  CO-group,  hence  two  hydroxyl  groups  are 
produced,  whence  the  name  dioxymalonic  ac*d : 


CO,H 


cooh 

Glyoxylic  Acid 


It  combines  with 
4* 
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Salts.— Barium  mesoxalate,  C(OH  »nA  „/  ■ 

tallinc  powder.,,  not  very  soluble  in  water  Vl  ’  "*  °>* 

NH.,„  crystallizes  in  needles.  The  sihjrj,  c'oiTTcO  T'V’','00'" 

water  affords  mesoxalic  acid,  silver  oxalate,  si  ver  and  CO  p vhen  ^led  Wlt}> 

the  bismuth  salt.  '  nd  See  B-  27,  R.  667,  for 

series  of  esters  may  be  derived  from  mesoxalic  acid 
the  anhydrous  or  oxomalonic  esters,  COfCOR/1  and  th~  a 

oxymalonic  esters  C(OH),(CO,R%  The  fct  are  ^oduceLt 
the  reaction-product  from  bromine  and  acetotartronic  ester  is  distilled 
and  also  in  the  distillation  of  dioxymalonic  ester  under  diminished 
pressure.  The  oxomalonic  esters  absorb  water  with  avidity,  and 
thereby  change  to  their  corresponding  dioxymalonic  esters.  The  two 

compounds  bear  the  same  relation  to  each  other  that  chloral  sustains 
to  chloral  hydrate  : 


CC13  •  CHO  Chloral 


HoO 


7*-  CCI3  .  CH(OH)2  Chloral  Hydrate 


CO(C02C2Hft)  Oxomalonic  Ester  — — ^  C(0H)2(C02C2H5)2  Dioxymalonic  Ester. 

er  Ethyl  Ester’ <r(^CO*C2H5)2.  boiling  at  loo-ioi0  (14  mm.),  sp. 

*  u  *  r  •  1  )»  P°ssesses  a  bright  greenish-yellow  color.  It  is  a  mobile  liquid, 

with  a  faint  but  not  disagreeable  odor.  When  heated  under  ordinary  pressure  it 
rea  s  Partb  into  CO  and  oxalic  ester  (B.  27,  1305).  Dioxymalonic  Ethyl 

J*  Cr*  !_b  •  (COjCjHj),  melting  at  57°,  dissolves  easily  in  water,  alcohol,  and 

!?fiorVn  6  °Xymalonic  Ester’  (C2H.0)2C(C02C2H5),  melts  at  43°  a"d  boils  at 
228  (B.  30,  490).  Diacetdioxymalonic  Ester,  (CH3CO .  0)2C(C02C2H5)2,  melts 

<11  14J)  • 


Nitrogen  Derivatives  of  Mesoxalic  Acid. 

droIx8^lam^!<!?al2niCoAcid’  C(N.OII)(C02H)2,  is  formed  by  the  action  of  by- 
fre  rr/it  ti  /  I^21)  upon  violuric  acid  (see  this)  and  mesoxalic  acid,  also 

J  1  lester'  produced  when  nitrous  acid  is  conducted  into  the  solution  of 
evanir  ariA  ot*'c  B  melts  at  126°,  decomposing  at  the  same  time  into  hydro- 

CfCONHrH  ^  °n  ,OX‘de’ and  water-  Dimethyloximidomesoxalamide,  N(OH):* 
C(UJN HCI I,)„  melts  at  228°  (B.  28,  R.  91 2) 

oositionnat  i6ToaZ1Td,0mevS0^alic  Acid«  C6H5NH  .  N :  C(C02H)2,  melts  with  decom- 
b^the  saDonificatim  ‘ f  (*j  from  mesoxalic  acid  and  phenylhydrazine  ;  (2) 

by  he  saponification  of  its  ethyl  ester.  Ethyl  Phenylhydrazidomesoxalic  Acid, 

6  ^  CO*C*Hr/  mehs  at  1150.  Phenylhydrazidomesoxalic  Ethyl 

phenylhydrazine  *s  Stained  both  from  mesoxalic  ester  and 

(IS.  r,,S^,  r°uS,^ium  ">»'«»*  «*«r  and  diaaobeu*..*  cblond. 

melting  at  1750,  resultslrr  m  ^'vHydrazidomesoxalam^dc*  NH2.N:C(COM  i)v 

Cyanoximido-acetic  Acirl  p“  ra*lonainW«  and  hydrazine  (B.  28,  R.  I<>52)- 
1290  with  much  foaming  r.  •  ’  ***,'  ^  :  N(OII  |C02H,  melts,  when  anhydrous, 

O  ^  N  =  C  .  C02H  ,S  Produccd  (1)  from  isomeric  furazan  carboxylic  ai  » 

(P  28  =/H  ^  483)  1  ^  °n  b°i,ing  furazan  dicarboxylic  acid  with  water 

acid  (see  this)  in  acid  solution0  ^  ^droxylamine  hydrochloride  upon  dioxytartadc 
at  the  same  time;  (41  wLn  nitmn.,OX,^,d°SUCcinic  acid  (®.  24,  Iy88)  being  forn»ed 

7b*  )•  J  s  ac|d  acts  upon  oxazolonhydroxamic  acid  (B.  ’ 

CN .  C :  N(OH, .  CO,C,Hs,  ^iuu.  cyanic 
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It  condenses  with  acetonitrile  (B.  25?  R*  T75)  and  acetanilide 
(B.  24,  1245).  Oxalacetic  ester  and  hydroquinone  condense  under 
the  influence  of  sulphuric  acid  to  m-oxycoumarine  carboxylic  ester  (B. 

28,  R.  1 15). 

Oxalacetic  ester  is  both  an  a-  and  a  /?-ketomc  ester. 


Unsym.  Diethoxysuccinic  Ester,  C02C2H5  .  C(OC2H5)2 .  CH2 .  C02C2II5,  is 
formed  together  with  ethoxyfumaric  ester  (p.  495).  both  from  ordinary  dibrom- 
succinic  ester  and  acetone  dicarboxylic  ester  by  the  action  of  sodium  ethylate.  I  he 
resulting  diethoxysuccinic  acid ,  when  allowed  to  stand  under  greatly  reduced  pres¬ 
sure  or  when  heated  to  ioo°,  loses  ether  and  becomes  oxalacetic  acid  (B.  29,  1792). 

CO  CO  C  H 

Methyl  Oxalacetic  Ester,  1  ’  a  ^  c  H  ♦  is  obtained  from  the  esters  of 

f  3)  •  3  2  5  CQ  C0 

oxalic  and  propionic  acids.  Methyl  Oxalacetic  Anil,  .  C6II5,  melt¬ 

ing  at  IQI-1920,  is  formed  from  oxalic  ester  and  propionanilide  (B.  24,  1256). 

Ethyl  Oxal-acetic  Ester,  C02C2H5  .  CO .  CH(C2H5)C02C2H5  (B.  20,  3394). 

Nitrogen  Derivatives  of  Oxalacetic  Acid  (B.  24,  1198).  Ammonia  and  oxal¬ 
acetic  ester  combine  to  a  body  which  has  one  of  the  following  formulas:  COjCjH*.- 
C(OH)NH2 .  CH2 .  C02C2H5or  C02 .  C2H5  .  C(ONH4) :  CH  .  C02C2H5  (B.  28,  788), 
see  ethoxyfumaric  acid,  p.  495.  Oximes  :  (i-Oximidosuccinic  Ethyl  .filter,  melting  at 
540,  results  from  the  oxime  of  oxalacetic  ester.  a-Oximidosuccinic  Ethyl  Ester  Aci  , 
melting  at  107 °,  is  produced  when  water  acts  upon  diisonitrososuccinyl  succinic  ester. 
Both  bodies,  when  heated  with  water,  yield  C02  and  a-oximidopropionic  aci  , 
CH,C:  N(0H)C02C2H5.  Hence,  both  ester  acids  are  given  the  structural  lormuia, 
CO,H  .  CH2C  :  N(OH)C02C2H5,  and  it  is  assumed  that  they  are  stereo-isomerides 
(B.  24,  1204).  Oximidosticcinic  Ester,  C02C2H5 .  C  :  N(OH)CH2  .  C02C2I  5>  ,s 
colorless  oil  (B.  21,  R.  351).  Compare  aspartic  acid  and  asparagine ,  pp.  4^9>  49  • 
Phenylhydrazine  adds  itself  to  oxalacetic  ester  just  the  same  as  ammonia, 
addition  product,  melting  at  105°,  is  either  a  phenylammonium  salt  of  oxy  umari 
acid,  or  it  is  a  compound  similar  to  aldehyde  ammonia.  It  readily  passes  in  o 

phenylhydrazone-oxalacetic  ester,  C6H5NH  .  N :  C2H5’  me^*D^  at  ^ 

The  reaction  products  of  hydrazine  and  phenylhydrazine  upon  oxalacetic  ester  are  the 
lactazams  (p.  363)  or  pyrazolon  derivatives  (A.  246,  320;  B.  25,  3442)»  e'S'  ‘ 


CO  .  co2c2h5 


C02C2H6 


(!:h2. 


nh2nh2  NH  .  N  =  C .  C02C2H6 


CO 


CH, 


Pyrazolon  Carboxylic  Ester. 


ester 

104° 


Phenylhydrazone-oxalacetic  ester  is  also  formed  from  acetylene  dicarboxy  1 
and  phenylhydrazine  (B.  26,  1721).  .  t 

Oximido-cyanpyroracemic  Ester,  CN  .  CH2 .  C  =  N(0H)C02C2H5,  me  s 

(B.  26,  R.  375).  _ Q 

Ammonium  Isoxazolonhydroxamate ,  NH,HO\  U  decomP° 

HON^c  •  C  •  CH2  •  .  oxal- 

1 56-160°.  It  is  produced  in  the  action  of  hydroxylamine  and  ammonia  up 
acetic  ester.  See  also  cyanoximidoacetic  acid,  p.  498.  Alkali  changes  1 

N  :  C .  CH2  .  C02H  .  .  (  „r;CTns  decompoS" 

Oxifurazan-acetic  Acid,  0<  1  ,  consisting  of  prisms, 

N  :  COH  hoxvlic  aCl<* 

ing  at  158°.  Potassium  permanganate  oxidizes  it  to  oxyfurazan  car )(  - 

(B.  28,  761). 
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Diazosuccinic  Esters  are  formed  when  sodium  nitrite  acts  upon  the  hydrochlo¬ 
rides  of  aspartic  esters.  The  crude,  yellow-colored,  easily  decomposable  esters,  when 
boiled  with  water,  pass  into  fumaric  esters.  They  revert  to  aspartic  esters  on  reduc¬ 
tion. 

Methyl  Diazosuccinamic  Ester,  C02 .  CH3  .  CN2  .  CH2  .CONH2,  melting  at  84°, 
is  formed  when  ammonia  acts  upon  methyl  diazosuccinic  ester  (B.  19,  2460 ;  29,  763). 


Acetosuccinic  esters  and  alkylic  acetosuccinic  esters  are  produced 
when  sodium  acetoacetic  esters  and  their  monoalkylic  derivatives  are 
acted  upon  by  esters  of  the  a-monohalogen  fatty  acids. 


Aceto-succinic  Ester, 


CH3.C0.CH.C02C2H5 


CH2.  C02C2H5 


,  is  prepared  from  acetoacetic 


ester  and  chloracetic  ester.  It  boils  at  254-260°.  The  hydrogen  atom  of  the  CH- 
group,  in  the  esters,  can  be  replaced  by  alkyls,  e.g.,  by  methyl : 

a-Methyl  Aceto-succinic  Ester,  I  ,  is  formed  from 

CH2 .  C02C2H5 

methyl  acetoacetic  ester  and  chloracetic  ester.  It  boils  at  263°. 

p-Methyl  Aceto-succinic  Ester,  3  1  ,  from  aceto- 

CH(CH3).C02C2H5 

acetic  ester  and  <2 -brom -propionic  ester,  boils  at  263°. 

By  the  acid  decomposition  these  esters  break  down  into  acetic  acid  and  succinic 
acid  or  alkylic  succinic  acids  (pp.  443,  444) ;  by  the  ketone  decomposition  the  pro¬ 
ducts  are  C02  and  y-ketonic  acids  (p.  379).  Ammonia  and  primary  amines  convert 
the  acetosuccinic  esters  into  y-amidodicarbonic  acids,  which  readily  part  with  alcohol 
and  become  y-lactams  (A.  260,  137).  Acetosuccinic  ester  and  ammonia  yield: 
a-amino-ethidene  succinic  ester  (p.  495)  and  <z-amino-ethidene  succinimide.  Hydro- 

, ,  .  _  CH, .  CO .  CH  .  CO  ttt 

cmonc  acid  converts  the  latter  into  acctosuccinimide ,  \  >NH, 


H2.  CO 


melting  at  84-87°  (C.  1897, 1,  283). 

Nitrous  acid  converts  acetosuccinic  ester,  with  the  alcohol  and  carbonic  acid  de¬ 
compositions,  into  isonitrosolaevulinic  acid  (compare  isonitroso  acetone,  p.  326)  : 


co2c2h5 


NO  .OH 


rr,  ^TT  I  - -MX)2H  .  CHa .  C  =  N(OH) .  CO  .  CHS. 

c02.C2H5.CH2.CH.CO.CH3  h20  22  ' 


OXO-  OR  KETOGLUTARIC  ACID  GROUP. 

a-Oxoglutaric  Acid  is  not  known,  and  the  body  formerly  considered  as  such  is 
oxymethylene  succinic  ester  (p.  495).  Cyan-oximidobutyric  Acid,  C02H  .  CH2 .  - 
CH2 .  C  =  (NOH)CN,  melting  at  87°,  is  a  derivative  of  a-oxoglutaric  acid.  It  is 
formed  when  cold  sodium  hydroxide  acts  upon  furazan  propionic  acid  (p.  483). 
When  it  is  boiled  with  sodium  hydroxide  a-Oximidoglutaric  Acid,  COaH  .  CH2 . - 
CH2C  =  N(0H)C02H,  melting  at  152°,  is  the  product  (A.  260,  106). 

Acetone  Dicarboxylic  Acid,  /3-keto-  or  yS-oxoglutaric  acid, 
C0(CH2C02H)2,  melts  at  about  130°,  and  decomposes  into  C02  and 
acetone.  It  may  be  obtained  by  warming  citric  acid  with  concen¬ 
trated-sulphuric  acid  (v.  Pechmann,  B.  17,  2542;  18,  R.  468;  A. 
278,  63). 

Acetone  dicarboxylic  acid  dissolves  readily  in  water  and  ether.  The 
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same  alteration  which  takes  place  on  heating  the  acid  alone 
on  boiling  it  with  water,  acids,  or  alkalies.  The  solutions  of  the^vi 
are  colored  violet  by  ferric  chloride.  Hydrogen  reduces  the  acid  t 
/3-oxyglutaric  acid  (p.  494).  10 


PC15  converts  the  acid  into  /?-chlorglutaconic  acid. 

Hydroxylamine  changes  it  to  oximidoacetone  dicarboxvlic  acid  CO  H  ru 
C(N0H)ch2C02h  +  H20,  melting  at  53-540.  In  the  anhydrous  state  it  melts  at 
*9  (B.  23,  3762).  Nitrous  acid  converts  acetone  dicarboxylic  acid  into  diisonitroso 
acetone  (p.  479)  and  C02  (B.  19,  2466 ;  21,  2998).  The  acid  is  condensed  by  acetic 

CH3.CO.CH.CO.C.CO„H 


anhydride  to  dehydi'acetcarboxylic  acid , 


I 

CO— O— CCH, 


(A.  273,186). 


The  salts  break  down  into  acetone  and  carbonates. 

Esters  :  Dwiethyl  Ester  boils  at  1 28°  (12  mm.).  The  diethyl  ester  boils  at  138° 
(12  mm.)  (B.  23,  3762;  24,  4095).  The  four  H-atoms  of  the  two  CH2  groups  in 
it  can  be  successively  replaced  by  alkyls  (B.  18,  2289),  and  they  also  readily  condense 
with  aldehydes  (B.  29,  994  5  93)*  Ammonia  and  the  diethyl  ester  combine  to 

form  3-oxyamidoglutaminic  ester,  which  condenses  further  to  glutazine  (see  this) — a 
trioxypyridine  derivative  (B.  19,  2694).  Alcoholic  ammonia  produces  8-amidogluta- 
conic  ester  (B.  23,  3762).  Nitrous  acid  converts  the  ethyl  ester  into  the  oximido- 
compound,  C02C2H5C:  N(OH)CO  .CH2 .  C02C2H5,  which  then  passes  into oxyisoxa- 

zole-dicarboxylic  ester ,  C02.C2H5.C  =  (NQ)C(OH) :  C .  C02C2H5  (B.  24.  857)- 

Fuming  nitric  acid  changes  it  to  the  peroxide,  C02 .  C2H5  .  C :  N(0)CH,.C:  N(0) .  • 
C02C2H5  (B.  26,  997).  The  phenylhydrazones  of  the  acid  and  of  the  ester  readily 
change  to  a  corresponding  lactazam — a  pyrazolott — derivative, 

chn<'N=?~CHj-c°2-CjH5 
.  6  5  ^co .  £h2 

(B.  24,  3253). 


Acids  are  produced  by  the  action  of  /9-iodo- 
propionic  ester  upon  the  sodium  derivatives  of  acetoacetic  ester  and 
alkylic  acetoacetic  esters : 


C02C2H5 


a-Acetglutaric  Ester,  ___  7  31  ,  boils  at  271- 

„  O  CH, .  COCH .  CH2 .  CH. .  C02 .  C2H5’ 

2720.  2  1  j  a  5 


a-Ethyl-a-Ac etglutaric  Ester,  „„  „  C02.C2H5  de- 

,  CH. .  CO  .  C(C,H.)CHt .  CH. .  COjCjH5 

composes  when  it  is  distilled.  By  the  elimination  of  carbon  dioxide 
(A  268  i^) C  lan^e  dlto  l^e  corresponding  d-ketonic  acids  (p-  3^3 

/5-Acet-glutaric  Acid,  CHS .  CO  .  CH[CHS .  CO,H]„  melting  at 

CH, .  COO 


47  5°°>  is  obtained  from  its  keto-dilactone,  CH  .cfcH„  melting 


ai 


I  \ 

(JH  coo 

The  at  2°5°  (I2  mm.),  by  prolonged  boiling  with  "'^r‘ 

eVter  t  tht  i  ^  produced  on  decomposing  /5-acettricarballyhc 

ester  with  boiling  hydrochloric  acid  (A.  295,  94)! 
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«*.  Hoc<^rs?ic;^.  ««*  — «  -* *■—  “ 7 

CH/)4: 

CHj .  CH, .  C .  CH, .  CH, 

X\  I  - 
CO - O  O - CO 


Ths  is  fzczjsz  when  szsdziz  arid  k  bcZec  far 

2C4H€04  =  CH^)4  +  CO,  +  2H,0. 

It  i*  75s,  s-v^  <ckrt><  *idsoc  decocpcssra  zziuer  recaced  :r*f-ct.  Be-* 
bj  tj:^.  nr,  zjesitT,  htxiins.  ilkilks  czsse  il  to  becce  medame  sis~rez^  jdi,b y 
shsocpdec.  of  W2I2T.  This  acid  k  icsru-ol  «kh  prafiam  tismriajjBc  adJ,  ^  iydra- 
ikeXivmic  add  Tie  5ns  b  ocubed  by  tie  adioc  of  HQ  ejcc  iti.u  sjjjc  add. 
cc  ae  E~*t  b»  tie  recsctaoQ  of  cflriiiWEk  add.  .  , 

A-yWit^r  ®ad  rr^’rx  a  145=.  Amj)  ecocide  or  acedc  arhydnoe  rJ 
i£i^  sct®  k  «*«  tie  }-fi£aaooe.  H vcrair'izct  dtc|es  it  to  tie  xr*s^, 
C{X.OH  C,H4.  COjH  .-  ne.duz  a*  iagf  wkh*deco«pasilio«.  Its  rdraydrara- 
zame.  CfK,H  .  C^H*  C^IU  .  CO^i^  «ete  as  107®  A-  267.  4*)- 

Fzo^nic  Acid,  ax^;g;^;S^  P).“^ 11  •***:  “  ci'"fd 
tv C,  ie  cSrriroduaride  addkioc  prcdact  of  poonw  a.  221  I.  by  es  joccessnre 
sesEces  aid:  •*•  enzude  aad  bidiocilonc  *02  (B.  s6>  SI73  -  Tbe  caie- 

spxrixg  j-c£acsooe  adB  si  134®  (A.  247,  I  id). 


THE  URIC  ACID  GROUP. 


Uric  acid  is  a  compound  of  two  cvclic  urea  reic.es  com_.ncC  with 

HN  —  CO 


I 

a  nucleus  of  three  carbon  atoms:  OC 

I 


i- 


XH 


HN  —  C  —  NH 


>CO. 


Bv  its  oxida¬ 


tion  the  so-called  ureides  of  two  dicarboxylic  acids— oxalic  acid  and 
mesoxaiic  acid — were  made  known.  The  urelde  01  a  c.carboi)  iic  acid 
is  a  compound  of  an  acid  radical  with  the  residue.  NH .  CO .  NH  ,  e.  g.. 


^  XX)  =  urelde  of  oxalic  acid,  oxalyl  urea,  parabantc  acid. 

They  are  closely  related  to  the  unices  of  dibasic  acids,  succinimide 
(p.  ^  ^  .  and  phthalimide,  and  parabamc  acid  may,  for  example,  be 
regarded  as  a  mixed  cyclic  imide  of  oxalic  and  carbonic  acids.  Like 
the  imides.  they  possess  the  nature  of  an  acid,  and  form  sals  by  the 
replacement  of  the  imice  hydrogen  with  metals.  The  unices  of  dibastc 
acids  are  converted  bv  alkalies  and  alkaline  earths  into  ammo-acid 
salts,  which  split  off  ammonia  and  become  salts  of  dibasic  acids. 
Under  simila/ conditions  the  urelde  ring  is  ruptured.  At  first  a  so- 
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Glyoxyl  urea ,  stout  needles  dissolving  readily  in  water,  is  a  decomposition  product 
of  oxonic  acid ,  C4H6Nj04,  resulting  from  the  oxidation  of  uric  acid  (A.  175,  234). 
NH  .  CtCHj) .  NH 

Pyruvil,  C0<  1  _  >CO(?),  is  formed  when  pyroracemic  acid  and 

NH,  CO - NH 

urea  are  heated  (A.  chim.  phys.  [5]  II,  373I  together. 


Methyl  Uracyl,  CH^CH^  •  ->CO,  is  produced  when  urea  acts 

upon  acetoacetic  ester.  It  is  the  starting-out  material  for  the  syn¬ 
thesis  of  uric  acid.  To  convert  it  into  the  latter  it  is  first  changed 

into  derivatives  of  the  hypothetical  uracyl,  ~  Com¬ 

pare  synthesis  of  uric  acid,  p.  513  (A.  251,  235). 


UREIDES  OR  CARBAMIDES  OF  DICARBOXYLIC  ACIDS. 

The  most  important  members  of  this  class  are  parabanic  acid  and 
alloxan.  They  were  first  obtained  by  oxidizing  uric  acid  with  nitric 
acid.  These  cyclic  ureldes  by  moderated  action  of  alkalies  or  alkaline 
earths  are  hydrolyzed  and  become  “  ur ’’-acids.  When  the  action  of 
the  alkalies  is  energetic,  the  products  are  urea  and  dicarboxylic  acids 
—e.  g.: 

CO — NH  HjO  CO,H  NH, 

CO_NH^C°  Ba(OH)1>  dx> - NH^00 

Oxalvl  Urea  Oxaluric 

Parabanic  Acid  Acid 


Oxalyl  Urea,  CO<  _  1  ,  Parabanic  Acid,  is  produced  in  the 

Nil  •  CO 

oxidation  of  uric  acid  and  alloxan  with  ordinary  nitric  acid  (A.  182, 
74)-  It  is  synthetically  prepared  by  the  action  of  POC1,  upon  a  mix¬ 
ture  of  urea  and  oxalic  acid.  It  is  soluble  in  water  and  alcohol,  but 
not  in  ether. 

Its  salt  are  unstable ;  water  converts  them  at  once  into  oxalurates.  Silver  nitrate 
precipitates  the  crystalline  disilver  salt,  C,Ag,N,Os,  from  solutions  of  the  acid. 

Oxalylmetbyl  Urea,  Methyl  Parabanic  Acid,  CsH(CH,)N;0,,  is  formed  by 
boiling  methyl  uric  acid,  or  methyl  alloxan,  with  nitric  acid,  or  by  treating  theo¬ 
bromine  with  a  chromic  acid  mixture.  It  is  soluble  in  ether,  and  melts  at  149*  5°* 

Oxalyldimethyl  Urea,  Dimethyl  Parabanic  Acid,  C^CHj^jNjOj,  Choles- 
trophane,  is  obtained  from  dimethyl  alloxan  and  thelne  by  oxidation,  or  by  heating 
methyl  iodide  with  silver  parahanate.  It  melts  at  145°  anc^  distils  at  27b0. 

Oxaluric  Acid,  CO  CO*H,  results  from  the  action  of 

bromine  upon  parabanic  acid.  Free  oxaluric  acid  is  a  crystalline 
powder,  dissolving  with  difficulty.  When  boiled  with  alkaljes  or 
water,  it  decomposes  into  urea  and  oxalic  acid ;  heated  to  200^  with 
POCl„  it  is  again  changed  into  parabanic  acid. 

43 


HjO 

CO,H 

NH, 

*  1  + 

>CO. 

(KOH) 

CO,H  ’ 

NH, 

Oxalic 

Carbamide 

Acid 

Urea. 
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The  ammonium  salt ,  C,H,(XH4)X,04,  and  the  silver  salt ,  C,H,AgN,04,  crystal 
lize  in  glistening  needles. 

The  ethyl  ester ,  C3H,(C,Hs)Nl04,  is  formed  by  the  action  of  ethyl  iodide  on  the 
silver  salt,  and  has  been  synthetically  prepared  by  letting  ethyl  oxalyl  chloride  act 
upon  urea.  It  melts  at  177°. 

Oxaluramide,  CO<^jj ' (  ^  Oxalan ,  is  produced  on  heating  ethyl 

oxalurate  with  ammonia,  and  by  fusing  urea  with  ethyl  oxamate. 

NHCO 


Oxalyl  Guanidine,  HX  :C< 


is  formed  from  oxalic  ester  and  guanidine 


(B.  26,  2552;  27,  R.  64). 

Malonyl  Urea,  '  ^>CH,,  Barbituric  Acid,  is  obtained  from  allox¬ 

antin  by  heating  it  with  concentrated  sulphuric  acid,  and  from  dibrombarbituric 
acid  by  the  action  of  sodium  amalgam.  It  may  also  be  synthetically  obtained  by 
heating  malonic  acid  and  urea  to  loo°  with  POO,.  It  crystallizes  with  two  mole¬ 
cules  of  water  in  large  prisms  from  a  hot  solution,  and  when  boiled  with  a.s.a.i'::  is 
decomposed  into  malonic  acid  and  urea.  .  vr 

The  hydrogen  of  CH,  in  malonyl  urea  can  be  readily  replaced  by  bromine.  >  V 
and  the  isonitroso-group.  The  metals  in  its  salts  are  joined  to  carbon,  and  maj  - 
replaced  by  alkyls  (B.  14,  1643;  15,2846). 

When  silver  nitrate  is  added  to  an  ammoniacal  solution  of  barbituric  acid,  a 
white  silver  salt,  C.HjAgjXjO,,  is  precipitated.  Methyl  iodide  converts  this  into 

a-Dimethylbarbituric  Acid,  £Q>C(CH,)r  This  torms  shining 

laminae,  does  not  melt  at  200°,  and  sublimes  readily.  Boiling  alkalies  deconr^ 
it  into  CO„  NHj,  and  dimethyl  malonic  acid.  Its  isomende,  3-Dimetfiyi  Bar¬ 
bituric  Acid,  CO<gp,  •  CO>CHj,  is  produced  from  malonic  acid  and  dimethyl 

urea  through  the  agency  of  POClj,  or  by  the  reduction  of  dichlormalony.  dim- 
urea  (B.  27,  3084).  It  melts  at  123®. 


Malonyl  Guanidine,  NH:C<^[|  '  ^q>CH„  from  malonic  e-.c. 
and  guanidine  (B.  26,  2553),  affords  derivatives  analogous 
of  malonyl  urea,  e.  g.,  isonitrosomalony l guanidine, 

NH :  •  £°>C :  N .  OH,  which  hydrogen  sulphide  reduces  to  amnio- 

malonyl  guanidine,  NH:  .  NH,.  Potassium  c  '  . 

converts  the  latter  into  imidopseudo-uric  acid ,  carbamidoma.  -*■ -. 
guanidine,  NH :  *  £°>CH  • NH  •  co  •  NHr 


Tartronyl  Urea,  CO<£[J  cO>CH  • OH,  Ddsluric  Acid,  is  formed 

reduction  of  mesoxalyl  urea  (alloxan)  with  zinc  and  hydrochloric  acid. 
dibrombarbituric  acid  by  the  action  of  hydrogen  sulphide.  On  adding  hy  -.ajurate 
acid  and  potassium  carbonate  to  an  aqueous  solution  of  alloxan,  potassium 
separates  but  potassium  oxaluiate  remains  dissolved : 

20,113X304  +-  2KOH  =  C4HjKX,04  +  C,H,KN,04  4-  CO, 

Potassium  Dial  urate  Potassium  Oxalurate. 

Dialuric  acid  crystallizes  in  needles  or  prisms,  shows  a  very  acid  reaction,  a ajr, 
salts  with  1  and  2  equivalents  of  the  metals.  It  becomes  red  in  color  its 
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murexide  test  (p*  5^^)*  Citric  &cid  oxidizes  it  to  sulphuric  Acid  snd  hIIozaq, 
Thiodimethyl  Uramil,  /3-Thiopseudouric  Acid 

co^NH.C(SH)^c>NHCO.NH5,  is  obtained  from  thiouramil  and  potassium 
^NH.CO _ / 

cyanate  (A.  288,  171). 

Alloxan,  Mesoxalyl  Urea,  co<nh .CO'>C<<)H  +  3hA  is  pro¬ 


duced  by  the  careful  oxidation  of  uric  acid,  or  alloxantin  with  nitric 
acid,  chlorine,  or  bromine.  Alloxan  crystallizes  from  warm  water  in 
long,  shining,  rhombic  prisms,  with  4  molecules  of  H20.  When 
exposed  to  the  air  they  effloresce  with  separation  of  3H20.  The  last 
molecule  of  water  is  intimately  combined  (p.  497),  as  in  mesoxalic 
acid,  and  does  not  escape  until  heated  to  150°. 


Alloxan  is  easily  soluble  in  water,  has  a  very  acid  reaction,  and  possesses  a  dis¬ 
agreeable  taste.  The  solution  placed  on  the  skin  slowly  stains  it  a  purple  red. 
Ferrous  salts  impart  a  deep  indigo  blue  color  to  the  solution.  When  hydrocyanic 
acid  and  ammonia  are  added  to  the  aqueous  solution,  the  alloxan  decomposes  into 
C02,  dialuric  acid,  and  oxaluramide  (p.  506),  which  separates  as  a  white  precipitate 
(reaction  for  detection  of  alloxan). 

Alloxan  is  the  starting-point  for  the  preparation  of  numerous  transposition  products 
(Baever,  A.  127,  1,  199;  130,  129),  which  have  in  part  already  received  mention, 
and  some  of  which  will  be  discussed  after  alloxan.  These  genetic  relationships  are 
expressed  in  the  following  diagram  : 


CO<™  «>>CO  CO<™:«|>  A 


<c8:nE>co« 

Alloxantin 


NH.CO 
(2)  Alloxan 

CO<N:n:CO>CH.OH  f  CO<gH  gO>CHs^  CO^g^CHNO, 

Dialuric  Acid  1  (5)  Barbituric  Acid  (8)  Dilituric  Acid 

NH.CO  , 

ra<M,io  +  co<nh:Sx:  :  N .  01U  co<SH;gg>CHNH.Y 

Parabamc  Acid  Violuric  Acid  ^  Uramil. 


'6) 


(I)  Reducing  agents,  e.  g.,  hydriodic  acid  (SnCL,  H,S,  Zn  and  hydrochloric 
acid),  convert  alloxan  in  the  cold  into  alloxantin  (p.  500  ;  (2)  on  warming,  into 
1a  uric  act  (p.  506).  (3)  Alloxantin  digested  with  concentrated  sulphuric  ac.  - 

ecomes  ar  itunc  acid  (p.  506)  ;  (4)  fuming  nitric  acid  changes  it  to  dilituric  acid  ; 
S)  and  with  potassium  nitrite  it  yields  violuric  acid.  (6)  (71  Uramil  results  from  the 
«f  dlluun^.  ^jd  and  violuric  acid.  (8)  Dilitunc  acid  is  formed  when 
JnlnHc  nydroxvlamine  converts  alloxan  into  its  oxime— 

^ Yj  ^  Boiling  dilute  nitric  acid  oxidizes  alloxan  to  parabanic  acid  and 

I  he  primary  alkali  sulphites  unite  with  alloxan  iust  as  they  do  with  mesoxalic 
acd,  and  we  can  obtam  crystalline  compounds,  C  H  X  O  IoTkH  -  H,0- 
Pure  alloxan  can  be  preserved  without  undergoing  dfcom^ition  but  in  the  presence 

;  “  °f  Ditri^  add  '*  is  oonvertedTnTo^  £££.  Alka£es.U»e 

or  baryta  water  change  ,t  to  alloxanic  acid,  even  when  acting  in  the  cold  I* 

r*pfd  onheitiT-  ~ 

B.  26.  540;  for  that  of  pyrarolon  d^™?” alloiao, 

Methyl  Alloxan,  g>>cO,  k  produCed  ^  ^  olidauoo  of 

methyl  uric  acid. 
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Tetrametbyl  Alloxantin,  QfCH,  tN/>7,  Amalie  Acid,  is  formed  >7  t.e  ac** 
of  nitric  <*ci*i  or  ctokmiie  waU:r  upon  their*,  or,  better,  by  the  reduction  of  d  tattbvl 
alloxan  fsee  aborej  with  hydrogen  sulpaide  (A.  215,  258).  Its  deportee at  a  ***  * 
to  that  of  alloxan. 

Purpuric  Acid,  QHsN50*,  is  not  known  in  the  free  state,  became  as  %oon  ai  * 
is  liberated  from  its  salts  by  mineral  acids  it  immediately  decoecpyyr!  into  zruai 
and  uramil.  The  ammonium  wit ,  C%H4  NH4)X504  —  HtO,  is  the  dye-weif  «ar- 

This  is  formed  by  heating  alloxantin  to  too5  in  aonemta  gas ;  v% 
ammoniacal  solutions  of  alloxan  and  uramil;  and  by  era^xaring  uric  acid  with  di.wu 
nitric  acid  and  pouring  ammonia  orer  the  residue  (marexkie  reatriou). 

Murexide  separates  from  the  solution  on  cooling.  It  forms  focr-rided  \  z~i  or 
prisms  with  one  molecule  of  H,C,  and  has  a  gold-green  color.  It  diacira  a 
Water  with  a  purple-red  color,  but  is  insoluble  in  alcohol  and  etner.  It  case  r*a 
with  a  dark  blue  color  in  potash  ;  on  boiling,  NIL,  is  ciseagagec  and  tee  s^axa 


dKO'°nMd-  NH.C.NH 

Uric  Acid,  C.H,N,0.,^0  C-NH  '  is  a  white,  crysta Jline, 

NH-CO  .  .  ..  * 

sandv  powder,  discovered  by  Scheele  in  1776  in  urinary  caicili.  t 
occurs  in  the  juice  of  the  muscles,  in  the  blood  and  in  the  mse, 
especially  of  the  carnivorae,  the  herbivorse  separating  h>ppint  a ac  . 
aLso,  in  the  excrements  of  birds,  reptiles  and  insects.  ^  hen  -r .~e  .> 
exposed  for  a  while  to  the  air,  uric  acid  separates  ;  this  also  occ-^- . 
the  organism  (formation  of  gravel  and  joint  concretions)  m 
abnormal  conditions. 


History.— Liebig  md  Wohler  (lSa6)  ihowed  dwt  ■■  ■» 

could  be  oDUined  from  uric  add.  "new  —  i 

explained  by  Baeyer  in  1863  and  1864.  In  consequence  of  «*«am  J;  {x 
A.PStrecker  Medicus  (1875)  proposed  ^  srr^ond  forwmUg^®  ^ 

acid.  This  was  conclusively  proven  by  E.  Fischer  m  his  mTesn^a-sc^  01 

lated  uric  acids. 


The  results  derived  from  analysis  were  conBrmed  by  tae ^ 
made  in  1888  by  R.  Behrend  and  O.  Roosen.  tad 

acetoacetic  ester  and  urea  (p.  51  j). .  ,Horb^  ”2j'  .tm-Tramre,  bn* 
previously  made  syntheses  of  nnc  acid  at  elected 
obtained  poor  yields.  Thev  consisted  in  melting  -.ioD  0f 

trichlorlactamide,  etc.,  with  urea.  No  c.,t  ac  .  L.  ■--'1 

the  acid  could  be  deduced  from  these.  In  i&g^  t-  f. r.  a  Eaever, 
\ch  showed  how  pseudouric  acid,  previously  synthesized  - 
could  by  fusion  with  oxalic  acid  be  converted  into  one  ac.  - 

.  m-..-  of  reddles- 

Preparation. — Uric  arid  is  best  prepared  from  guano  or  tne  ex 


Properties. — Uric  acid  is  a  shining,  white  powder.  *jth 

and  tasteless,  insoluble  in  alcohol  and  ether,  and ^  jor  its 

difficulty  in  water  ;  i  part  requires  15,000  parts  water  o_  the 
solution,  and  1800  parts  at  ioo°.  Its  solubility  is  :n.„  precip*' 
presence  of  salts  like  sodium  phosphate  and  borate.  '  Qn  evzp- 
tates  it  from  its  solution  in  concentrated  sulphuric  ac.i*. 
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svo:  cc  1^3  tV,j  -v—  tv 

**  **  *"~  -  •* 

-££**?  ^“!-»f  tVi  -farf  (*.)  fa 


CXHJAi  iON  OF  URIC  ACID. 

v  *!^an  «*  «al.Tl  urea  or  parabanic  add  are 
:C  I*  - ,  ^  acid  is  oxidized  with  ordinary  nitric  add.  When 

Mis^anm  ^L11^?  ,r  endued  either  wixh  cold  nitre  add  or  with 
nTKi  ar*c  hydrochloric  add.  it  yields  mesoxalyl  urea  and 

in  pt'-xiuoeu  when  potassium  permanganate,  or  iodine 

FvZ!r  '  act*  **»  acid  (B.  27.  R.  90A  When  air  or 

r^»  _J“p  Pf— “~pp^:e  ac:s  T-poa  the  alkaline  solution  of  uric  add 
*£*  »il  'V  1?*  -  R  474^'  ***»*«“  •«*/.  CiH^cV  is  produced? 
e^*  to  aw*  w.  0^x4  Thei  are  two 

uocaes  wnose  constitution  has  not  vet  been  mace  dear.  These  reac- 
twnssaggest  trie  following  diagram,  in  which  the  breaking-down  of 
ai.oian  and  parahamc  add  is  considered  : 


NH — C — XH 

iJU  1  >00 

CO  C— XH 

XH— io 
I'acAod 

fCH,X\CV 

'  »- rcaarLjc  Acid 

l 

+ 

XH .  CH . XH 

<b  A,.**5** 


C.H.X.O, 

Oxxmx  Acid 


XH— CO 
CO  <!o 
Ah— <!o 

Aiwna 


XH— 00 

<!o 


i 


XH— CO 

<!o  <!o 

XH,  (!o,H 


XH, 


.  Ah— co 

P*i*ba**c  Acta 

’KH— CO 

to 

I  *5,2i2» 

»  XH,.CO,H 

(!o 

I 


I 

I  ABngnk  Acxl 

’XH,  CO,H 

4>  c!o 

XH,  t!o,H 

Mesonlx  Acid  - - 

One  of  the  two  isomeric  monomethvl  uric  acids,  when  osidited, 
yields  monomethy]  a^ioxan  and  urea,  the  other  alloxan  and  niono- 
memyl  utol  The^  reactions  are  readily  understood  if  we  assume 
t  .e  constitutional  tonnuia  of  uric  acid  to  be  as  indicated  above  (E* 
Fischer,  B.  17,  17S5). 


XH,  CO,H 
Oxa^unc  Av  *2. 


SYSTEESIS  OF  UKtC  MID. 


::3 


Uric  add  1$  the  drirdde  of  the  hypothetical  hodr,  CO  —  C  rjK  / 
COH  or  C(OH  u  =  C(OH,— OOxH — die  psesdo-torm  o:  toe  ----- 
^Aydc  of  me^alic  add,  CHO.CO.CO.H,  whkh  ^  *ot  yet 
bees  prepared. 

SYJf THESIS  OF  URIC  ACtPy^ragg  A££TOACETIC  Z-STEX;  * 

fl  Froc  Acetoacetic  Ester :  i  Acttoacrtic  eases  at-i  *rS£  ~  '  *?  /  '.H 

cr-Awuc  tier.  Win  ?iB*  »  sayxuStd  with  iUi.:  *  J»  -  20  ^  T~5t  -  ; 

state,  soBto  off  water  S2>d  becomes  a  cjdrwdde  met*?.  urtcyL  .  _  .  J 

coorerj  *ie  jcier  ialo  mlreurKjl  carioxyht  <sndT  _3;  7r7*s»n 

*  bofled  with  water  ioses  a  of  cari*xac  sc*t. 

sa^of mtrruracyl.  U  Tie redacttoo of fc* faster an ^Ti^" 
ni  psit  amtd&ur'uyl+  m  oit^ctI  cr  -  Vi 

otiSa  tie  e^,  -iii  *•  i=*ei  ««i  ”**  -d  “  * 

add  yidds  am  odt/  (A.  251,  235)- 

CD/lHe  XH.CO  XH — C— CD  XH—CO 

<lH,  — Ao  <^H  — ^  ^X)  i— S 


C— XQ, 


I 

XH.C.CH, 

Mart;  L'acr; 


XHj — C — CO,H 

Snr-wacTfle  Acad 


XH—CO 
<J0  CXH, 
XH— CH 

Aziioeracri 


XH— CH 

Sirscae^ 


:o 


XH- 

^>CO  C-XH  m 

^  ,  ,  >co. 

XH  .  C— XH 
Uikicd 


XH—CO  XH—CO 

is  c — OH-— M°Hj 
XH— CH  XH— C.OH 

i-***-*  ^ 

(lsobnrMtnric 

A£id>  -  x  -  -•--  beared  10  100s  wrJs 

(2)  From  Malonic  Acid:  (i)  ^cS^ocTem  fMn 

POClj  jidd  aca>x.ji  rrea,  which  (2)/UI'.  ..  -  — ^ed.  »r-r  ioc^-xTi  tw 

area  or  riohxnc  acid.  (3)  V?  _ -  ,, n  into  psead^crk:  adfi. 

=raa!  resells.  (4:  This  is  chaugec  ay  «'  oxajc  add  or 

5  On  withdrawing  wa^rr  from  P*cnd,c^*:«  *1,  '.«i: 

boding  hydrochloric  acid,  urt£  acid  re=  -  T  qq 

**  _«_X£, — *»>-- 

I  \  XH .  CO 

XH.OD 

Mai wac  Acid  Mak®?:  Urea 


CH, 


yjj  CO  -  OO 

CHXH.COXH, 


XH .  CO 
4-f»  C.XH 


,  I  >co. 

XH.C.XH 


^  ^  61 JL  “  71=  .idd -V—  -a*.  — M— 

Since  aitoian  in  th*=>  way. 

vie  adds  can  also  be  syiith~°  _ bTpcian^ine.  and  carnne  ssani  in  ciose 
Xanthine  «  fiSncts  of  the  meta^hss  of  the  a^a. 

reialKiD  u>  uric  *ciu-  *“  ^ 
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organism!  Xanthine  and  hypoxanthine  occur  in  the  extras  * 

theophylline,  and  theine  or  caffeine — methyl  derivatives  of  v  tv/  theobromine 
the  vegetable  kingdom  :  X  aenvatlves  of  xanth,ne-are  found ,  ’ 


HN  - 

io 

I 

HN  - 


CO 

C-NH 


N 


\ 


HN 
I 


CO 


CH 


/CHS 


\ 


CH, 


Xanthine 

N - CO 


CH, 


CH 


CH, 


CO 


C-NH 


CH, .  N 


Theophylline 


C  —  N 


\CK 


CH, 


CO  C  — N 

•  N - c  — 

Theobromine 

N - C0  ru 

I  I  /chj 

C  C  — n( 

I  „  \- 

.N- 


-C-N^ 

Caffeine,  or  Theine. 


CH 


The  breaking-down  of  xanthine  into  alloxan  and  urea,  and  of  caffeine  into  dimethyl 
alloxan  and  methyl  urea,  by  means  of  potassium  chlorate  and  hydrochloric  acid,  are 
particularly  important  in  the  explanation  of  their  constitution. 

Nitrous  acid  converts  guanine  into  xanthine,  and  by  decomposition  yields  guani¬ 
dine,  (NH2)jC:NH  (p.  411),  hence  it  must  be  regarded  as  xanthine  in  which  a 
guanidine  residue  takes  the  place  of  a  urea-residue  ;  i.  e.,  the  oxygen  of  a  CO  group 
is  replaced  by  imide  NH. 

Adenine  bears  the  same  relation  to  hypoxanthine  that  guanine  sus¬ 
tains  to  xanthine,  inasmuch  as  it  is  converted  by  nitric  acid  into  hypo¬ 
xanthine. 

The  xanthine  group  compounds  occur  in  beet  juice  (B.  29,  2649) : 


HN  —  CO 

HN  =  C  C-NH 

I  II 

HN  — C  —  N 

Guanine 


\ 


HN  — CO 

HC  C-NH 


CH 


11  11  \cH 

N  — C  — N  ^ 

Hypoxanthine 


n  =  c.nh2 

-H<i  C-NH\ 

11  A  XT' 

N  — C—  N 

Adenine. 


:ch 


Xanthine  (see  constitutional  formula  above)  occurs  in  slight  amou  ,  ca]cUij( 
animal  secretions,  in  the  blood,  in  urine,  in  the  liver,  in  some  or  2i 5, 

and  in  tea  extract.  It  results  from  the  action  of  nitrous  acid  upon  g  andcom- 

309).  It  is  a  white,  amorphous  mass,  some w hat  soluble  in  bo‘‘”g  monja;  silver 
bines  with  both  acids  and  bases.  It  is  readily  soluble  in  01 1  g  onding  lead 
nitrate  precipitates  C5H2Ag2N402  4-  HaO  from  its  solution.  IOQo  with  methyl 

compound  yields  theobromine  (dimethyl  xanthine)  when  n  o  wjth  potassium 

iodide.  When  xanthine  (analogous  to  caffeine,  page  515)  is 

chlorate  and  hydrochloric  acid  it  splits  into  alloxan  an  t:t:es  in  urine  (B-  1  > 

Heteroxanthine,  7- methyl  xanthine ,  occurs  in  sma  q  j  28,  I11  ’ 

3406),  and  is  formed  from  theobromine  by  the  splitting  off  of  metny  V 

29Theobromine!43.7 -dimethyl  xanthine  occurs  ^  above).  ,  difficulty 

Cacao)  and  is  prepared  by  introducing  methyl  into  x  th  ^ (  djsSolveS  with  d® 
Theobromine  is  a  crystalline  powder  with  a  bitte  .  hydroxide.  11  utral 
in  hot  water  and  alcohol,  but  rather  easily  in  heated.  11  ^^ndecom- 

(about  290°)  without  decomposition,  when  it  is  ca  y  muCh  water  wiU  ,^ 
reaction,  but  yields  crystalline  salts  on  dissolving  •  *  AgN4Oj» in,  :{heate^ 

££  these.  Silver  nitrate  precipitates  the  < “^"A^Wen'thi* 
form  from  the  ammoniacal  solution  after  protracte  (Chs)N40,,  ’■  <•’  can«ls" 
with  methyl  iodide  it  yields  methyl  theobromine,  7  H  l8<  3406).  *.  0ff  and 

Paraxanthine,  1.7  dimethyl  xanthm' ,  occurs [.n  urme  (  ^  ^  bjg»  (B.  * 
be  prepared  from  theobromine,  from  which i  a  me  \ -eth^lation  into 
again  introduced  in  another  position.  It  p 

554). 


THEOPHYLLINE.  CAFFEINE. 
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Theophylline,  i. 3* dimethyl  xanthine ,  melting  at  264°,  was  dis¬ 
covered  in  1888  by  Kossel  in  tea  extract.  By  the  action  of  methyl 
iodide  upon  silver  theophylline  he  obtained  caffeine  (B.  21,  2164). 
Theophylline  has  been  synthetically  prepared  from  1.3-  or  ^-dimethyl 
uric  acid  by  its  conversion  with  PC15  into  chlortheophylline.  This 
melts  at  about  300°  with  decomposition ;  hydriodic  acid  reduces  it  to 
theophylline  (E.  Fischer,  B.  30,  553): 


CH3.N  — CO 


CO 


NH 


CHS .  N  —  C  —  NH 

y-Dimethyl  Uric  Acid 


CH3 .  N  —  CO 


I 


>CO 


CO  C — NH\ 

I  II  /?CC1 

ch3  .  n  —  c  —  n^ 

Chlortheophylline 


CH3 .  N  —  CO 


I  I 
CO  C  — NH 


I 


\ 


11  x; 

ch3  .  n  —  c  —  N  r 

Theophylline. 


CH. 


Caffeine,  Coffelne,  Theme,  I .. 3-7 -trimethyl  xanthine ,  occurs  in  the  leaves 
and  beans  of  the  coffee  tree  Per  cent.),  in  tea  (2-4  per  cent.),  in  Paraguay  tea 
(from  Ilex  Paraguay ensis) ,  in  guarana  (about  5  Per  cent.),  the  roasted  pulp  of  the 
fruit  of  Paullinia  sorbilis,  and  in  the  cola  nuts  (3  per  cent.).  It  is  also  found  in 
minute  quantities  in  cocoa.  It  is  used  in  medicine  as  a  nerve  stimulant. 

Caffeine  consists  of  long,  silky  needles  with  one  molecule  of  water  ;  they  are  only 
slightly  soluble  in  cold  water  and  alcohol.  At  ioo°  it  loses  its  water,  and  melts 
at  2330. 

It  has  a  feeble  bitter  taste,  and  forms  salts  with  the  strong  mineral  acids ;  water 
readily  decomposes  them.  On  evaporating  a  solution  of  chlorine  water  containing 
traces  of  caffeine  we  get  a  reddish-brown  spot,  which  acquires  a  beautiful  violet-red 
color  when  dissolved  in  ammonia  water.  >  # 

Sodium  hydroxide  converts  theine  into  caffcidine  carboxyhc  acid,  C^HjjN^O  .- 
C02H,  which  readily  decomposes  into  C02  and  caffeidtne ,  C7H12N40  (B.  16,  2309). 
For  other  caffeine  derivatives  (apocaffelne,  caffuric  acid,  caffolin)  see  A.  215*  2  I, 
and  228,  141.  ,  ,  ,  .  . 

Chlorine  water  breaks  caffeine  up  into  dimethyl  alloxan  and  methyl  urea  (p.  399 )• 
Chlorine  and  bromine  convert  caffeine  into  chlorcaffeine,  melting  at  180  ,  an  >  otn 
caffeine,  melting  at  206°.  Zinc  dust  reduces  both  of  them  to  caffeine  Alcoholic 
potash  changes  them  to  ethoxycaffeine,  melting  at  I4Q°-  lhe  J^.tter  ,s  decompose 
by  hydrochloric  acid  into  ethyl  chloride  and  hydroxycaffeine,  melting  a  345  . 
is  identical  with  1.3.7 -trimethyl  uric  acid.  PC15  converts  hyd, roxycaffeine  into »  chlor- 
caffelne.  Proceeding  from  dimethyl  alloxan,  ^ 7-tnmethyl  ur.c  ^Kl  may  be  syn¬ 
thetically  made,  and  from  this  caffeine  through  chlorcaffeine.  Furthermore  the 
lower  homologues  of  caffeine— theobromine  and  theophylline—can  be  synthesized, 
and  by  introducing  methyl  into  them  caffeine  will  result.  This,  then,  an  additiona 
synthesis  of  caffeine  (E.  Fischer,  B.  30,  549)  • 


CH3N  —  CO 


I 

CO 
I 


do- 


ch3n— co 


CHS.N  — co 

Dimethyl 

Alloxan 


CH, 


CHN(CH3)CONH2 


ch3n— CO 

io  c— 


I 


N(CH3) 


\ 


I  1.7-T  rimethyl-pseudo- 

*  uric  Acid 


CIIjN-C-NH  / 

1.3.7-Trimethyl  Uric  Acid 
Hydroxycaffei'ne 


CO, 


CH3.N  —  CO 

d  —  N(CHa)\ 

CH3.N  — c  — N 

Chlorcaffeine 


CCl-^ 


CH;tN  —  CO 

d:o  c-n(ch„)\ch 
I  11 

CH3  .  N  —  C  —  N-^" 

Caffeine 


CHSN  —  CO 

CO  C  — NH 


ch3 


.  A  —  C  — 
Theophylline. 


\ 


CH 
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Guanine,  C5H5N50,  occurs  in  the  pancreas  of  some  animals  and  very  abundant 
in  guano.  J  duuy 

Guanine  is  an  amorphous  powder,  insoluble  in  water,  alcohol  and  ether.  It  yields 
crystalline  salts  with  1  and  2  equivalents  of  acid,  *>.  g.y  C5H5N50.  2HCI.  It  also 
forms  crystalline  compounds  with  bases.  Silver  nitrate  gives  a  crystalline  precipitate 
C5H5NsO  .  NO3 Ag.  P  ’ 

Nitrous  acid  converts  guanine  into  xanthine.  Potassium  chlorate  and  hydrochloric 
acid  decompose  it  into  parabanic  acid,  guanidine  and  C02  (p.  41 1). 

2- Amino-6. 8-dioxypurin  is  obtained  from  2-imidopseudouric  acid  (p.  507) 
and  from  bromguanine  (B.  30,  570). 

HN  — CO 


Sarcine,  Hypoxanthinc ,  HC  C  —  NH 


\ 


CH, 


is  a  constant  attendant  of  xan- 


11  II  s,\ 

N  — C  — N  S 

thine  in  the  animal  organism,  and  is  distinguished  principally  by  the  difficult  solu¬ 
bility  of  its  hydrochloride.  It  consists  of  needles  not  very  soluble  in  water,  but  is- 
solved  by  alkalies  and  acids.  Silver  nitrate  precipitates  the  compound  C5HjAgr  « 
HjO  from  ammoniacal  solutions.  Dimethyl  hypoxanthine  splits  into  men} 
amine  and  sarcosine  when  it  is  heated  with  hydrochloric  acid  (p.  3*7)  ("•  2  ’  ' 

N  =  C.NH, 

polymeric  with  hydrogen  cyanide,  has 


I  I 

Adenine,  HC  C  —  NH 


\ 


CH, 


N  C  N  's 

isolated  from  beef  pancreas.  It  also  occurs  in  tea  extract.  It  crystallizes  i'  ^ 
with  pearly  lustre.  It  has  three  molecules  of  water  of  crystallization.  jt  jnt0 

salt  becomes  white  in  color,  owing  to  loss  of  water.  Nitrous  acu  co  vcocoll,  aw- 
hypoxanthine,  and  hydrochloric  acid  at  180—200°  converts  it  m  o  &  . 
monia.  formic  acid,  and  C02  (Kossel,  B.  23,  225  ;  26,  I9I4)-  ,  js  a  povv- 

Carnine,  C.H8N.O  +  H20,  has  been  found  in  the  extract  oi  Deei.  bydr0- 

r,  rather  easily  soluble  in  water,  and  forms  a  crystalline  compo 


der 


chloric  acid.  Bromine  water  or  nitric  acid  converts  camine  into  sarcine. 


14.  TRICARBOXYLIC  ACIDS. 

A.  PARAFFIN  TRICARBOXYLIC  ACIDS. 

(<*)  Tricarboxylic  Acids  with  Two  or  Three  Carboxyls  Attache 
Carbon  Atom.  on  the  sod*? 

Formation. — (1  a)  By  the  action  of  the  halogen  fatty-acid  es  {ers  R'.  G  ' 
compounds  of  malonic  esters,  CHNa(C02R')2  and  alkylic  mal°n'^^opionic  fer’ 
(COoR'ls — c.  g.,  chlorcarbonic  ester,  chloracetic  ester,  a-bro  P  ^  reSulti  n 
a-brombutyric  ester,  a-bromisobutyric  ester.  (1  b)  The  tricarboxy  ic  ^.jj^.group  a 
in  this  way  from  sodium  malonic  ester,  still  contain  a  hydrogen  ot  .  dj(jeS.  1”  ' 
malonic  ester,  and  can  be  acted  upon  anew  with  sodium  and  am)  m0noal*c)'1 
then  yield  the  same  esters,  which  are  obtained  by  starting  wit  1 

malonic  esters.  ,  rarboxylic  e:<te 

(2)  By  the  addition  of  sodium  malonic  esters  to  unsaturated  c 

e.  g.,  crotonic  ester  (B.  24,  2888  ;  C.  1897,  I,  28).  containing  ** 

(3)  Also  by  the  gradual  saponification  of  tetracarboxylic  ester“!  arjjon  dio-v,u 
carboxyl  groups  attached  to  the  same  carbon  atom,  which  split  on  c‘ 

and  yield  tricarboxylic  esters  (B.  16,333;  23,633;  A.  214,  58)-  797),  'vbe 

(4)  By  heating  the  best  adapted  ketone  tricarboxylic  esters  (*>• 

a  loss  of  CO  occurs. 


7  PlCAJifcOX YUC  ACIJ/v. 


5*7 


(Cff,l,C,GOtH 

iMtatan* wb+iv  *tf#wjrlle 


uu  "Me  tricarboxylic  acid.  readily  break  down  -itb  the  elimma- 

*//r,  of  CY  ir  They  then  become  succinic  acid*,  / 

-COt  ^  (CH,;, .  C  e  COjH 

ill, .  CO,H 

Uo*ytn.  Dimethyl  Succinic 
Acid  AcW- 

K-/f  dsc  -.»|//mficari<<fi  </f  trkarboxylie  esters  consult  B- 29;  i^/'7„  rutfO  - 
!£myl  Tricarboxylic  Rater,  Methenyl  Tnccrboxy «=f Eater,  CH(OV 

c,ll.)„  i*  obtained  fro*  sodium  rnalomc  1  i;’’ 

^ecart«,«.  IB  V*!(Vw<X%rVeTrittt^  traction  of  cyanogen 

Cyanmakrfiic  Eater,  Ul(CN)(‘e*>-K)r  ,r^f.  -tV,„lt  <WoniDoaHk>n  under 
chloride  upon  »-!»,»  rnalonic  ester.  It  .olatdire.  wthout 

(rMtTrXed  prepare  It  ha,  . «**£' S&riTi 

. art«.alea,  f-rmin, j  *»l«,  like  CtflCSWtf  b  '  •  ..mporition  at  214°. 

•odium  ethylate  (B.  *9*  **7*)*  ,.ff  m  r  lf  ,  . 

CII3.COar2ll5  j,  obtained  from  sodium  ethyl 

Kthenyl  Tricarboxylic  Eater,  Lu(rn  c  if  \  ’ 

ClUy  V  '*  Ji  ,.oo  Chlorine  converts  it 
malonate  and  the  eater  of  chloracetic  acid.  iwi/rf)  C  I1  1*  This  boils  at 

into  Chlorethenyl  Tricarboxylic  Eater,  Cji J/r  ,  *  V^  dioxide,  hydrochloric 

290°,  ar»<l  when  heated  with  hydrochloric  acu  *  /  ,  alkalies  carbon  dioxide  and 

add,  alcohol,  and  furoaric  acid;  when  saponified  with  alkalies., 

malic  acid  are  the  product*  (A,  2i4» _  44)*  r>  co6. 

Uruym,  Dimethyl  Cyannuccimc  Erter,  ^  7*  c'H^c^ncO ,CH„  is  obtained 

Methyl  a-Cyanauccinic  Eater,  (CO,ai,)CH,<^  £  >  * 

from  methyl  cyanacetic  eater  and  chloracetic  e  cu'c  H 

77  CH.-CH-CU^iij  >bons*t270°. 

Propane-oo/Mricarboxylic  Eater,  CH(COaC,H,)3  .  . 

The  free  acid  (isomeric  with  tricarUHy.ic  acid,  -  A  -  **>'  ““  ^  d°” 

into  carixm  dioxide  and  pyrotartaric  aci  -  CO.R  o 

i  3  1  f  boils  at  273  • 

Propane-a/'f/'Mricarboxylic  Ester,  CH  A/CO-R), 

C,t4  •  CM .  60, R  bon,  at  278°. 
CH(C02R)2 

CK|.  OOjH^  ^  at  2gl0< 

*  .  CH(CO,R)j,  holla  a. 

laobutane-mt/il-tricarboxylic 


n  Butane-mr/Mricarboxylic  Eater, 


277°,  Compare  15  «3r  ^48, 

in  duM  formuUt*  R  repre*^.«-  ’g-e, 
a  Cyan({lutaric  Eater  (H»  7’  ’  e  y\  292.  209 ;  C,  1897*  2®; 

«  //%/  a-Carboxy-Klutarii  LUtr*  kee  (M.D imethyl  ylutanc  acid,  p.  454- 

* — — — - 

Carbon  Maim.  ,  lic  a,:i(]n,  containing  one  or  two  pairs  of 

Tetra-  anil  P«nU:c‘I , ’  tyhc  sanic  carbon  atom  split  off  carbon  diox- 
COjH-groupH  :‘t,a“h*'.  ‘  ’  ntativea  of  the  class  have  been  prepared 
i<lc,  and  numerou,  «P««  " 

(IS  24,  307.  a**?  !  3i*cid  7;:i)  ,  (CO,H )  .  CH(CO,H)CH,(CO,H), 
Tricarbnllyltc  A  wl}ich  disK0ivC  easily  in  water,  and 
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melt  at  162-164°.  It  is  obtained:  (1)  By  heating  tribromallyl  with 
potassium  cyanide  and  decomposing  the  tricyanide  with  potash; 
(2)  by  oxidizing  diallyl  acetic  acid  (p.  289);  (3)  by  acting  upon 
ethyl  aceto-succinate  with  sodium  and  the  ester  of  chloracetic  acid, 
then  saponifying  the  aceto-tricarballylic  ester  (see  this) ;  (4)  by  the 
decomposition  of  propane-aa/9y-  and  a/3/3y-tetracarboxylic  ester  (B.  24, 
307,  2889  ;  29,  1281);  (5)  by  the  action  of  nascent  hydrogen  upon 
aconitic  acid,  C6H606  (B.  22,  2921),  and  by  the  reduction  of  citric 
acid  with  hydriodic  acid;  (6)  from  propane-aa/Jyy-pentacarboxylic 
ester  (see  this),  by  the  elimination  of  2CO2  (B.  25,  R.  746);  (7)  by 
the  action  of  caustic  potash  upon  citrazinamide  at  150°  (B.  27,  1271, 
3456).  The  acid  occurs  in  unripe  beets,  and  also  in  the  deposit  in  the 
vacuum  pans  used  in  beet-sugar  works. 

The  silver  salt,  C6H506Ag3.  Calcium  tricarballylate ,  (CgHjOghCaj  -f-  4H20,  is  a 
powder  that  dissolves  with  difficulty.  The  trimethyl  ester ,  C6H506(CH3)3,  boils  at 
150°,  under  a  pressure  of  13  mm.  The  chloride ,  C3H5(C0.C1)3,  boils  at  140°  (14 
mm.)  (B.  22,  2921).  Anhydride  acid,  C5Hs05,  melts  at  131-1320  (B.  24.  2890). 
The  triamide,  C3H5(CO.NU2)3,  melts  at  206°.  The  amidimide,  C6H803N2>  melts 
at  1 730  (B.  24,  600). 

Camphoronic  Acid,  aafi-Trimethyltricarballylic  Acid, 
co2h  co2h  co2h 

CH3  —  C - C - <!;h2,  melting  at  1350,  is  formed  by  the  oxida- 

Ah3  <!:h3 

tion  of  camphor  and  will  be  discussed  in  connection  with  this,  as  its 
constitution  has  become  of  prime  importance  in  explaining  the 
structure  of  camphor. 


Homologous  Tricarballylic  Acids :  a-Methyl-  two  modifications,  melting  at 
180  and  1 340;  (3-Afethyl-  melting  at  164°;  a-Ethyl-  melting  at  147-148°:  a'a'0 
Eropyl,  melting  at  151-152°;  a-Isopropyl-tricarballylic  Acid,  melting  at  161-162 
29  ‘  aai  Dimethyl-tricarballylic  Acid,  three  modifications;  see  o. 

a(i6-Butane  Tricarboxylic  Acid  melts  at  1 16-120°. 
aye-Eentane  Tricarboxylic  Acid  melts  at  106-107°  (B.  24,  284). 


TRICARBOXYLIC 


Aconitic  Acid,  g°»H  mdts  at  i9j0>  and  at  the 

isklw  decomposes  into  C02  and  itaconic  anhydride  (p.  465)- 
in  d?fferontWIi  1  ftruil^thylene  tricarboxylic  acid  (see  this),  and  occur. 
diJ/lti/1  P  antS  ;  for  example,  in  Aconitum  Napellus,  in  Equisetu » 
chr  e '  1 SUgar  Cane’  and  in  beet  roots.  It  is  obtained  by  heating 
(B  20  R  °r  concentrated  hydrochloric  or  sulphuric  a 

Aconitic  acid  has  been  synthetically  made  by  the  decomposition 
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with  alkali  of  the  synthetic  product  resulting  from  the  union  of  2 
mols.  of  oxalic  ester  and  2  mols.  of  acetic  ester, 

CO.R'  CO-H  CO,R'  C02C2H5  n  „  ,  .  .  . 

(\()  (B.  24,  120)  ;  as  well  as  by  the  break¬ 

ing-down  of  the  body  obtained  from  sodium  malonic  ester  and  acety¬ 
lene  dicarboxylic  ester  (J.  pr.  Ch.  [2]  49,  20). 

Aconitic  acid  dissolves  readily  in  water.  Nascent  hydrogen  con¬ 
verts  it  into  tricarballylic  acid. 


The  calcium  salt  (C6H306)2Ca3  -j-  6II20,  dissolves  with  difficulty.  The  tri¬ 
methyl  ester ,  C6H306(CH3)3,  boils  at  i6i°  (14  mm.).  It  results  from  the  distillation 
of  acetyl  citric  trimethyl  ester  (B.  18,  1954),  and  from  aconitic  acid,  methyl  alcohol, 
and  hydrochloric  acid  (B.  21,  669). 

The  triamidey  C3H3(CONH2)3,  is  converted  into  citrazinic  acid  (see  this)  by  acids 
(B.  22,  1078,3054;  23,  831). 

Aceconitic  and  Citracetic  Acids,  C6H606,  are  two  acids  of  unknown  constitu- 
tion.  They  are  isomeric  with  aconitic  acid.  They  result  when  sodium  acts  upon 
bromacetic  ester  (A.  135,  306). 

Allene  Tricarboxylic  Ester,  C02R  .  CII :  C:C(C02R)2,  from  /3-dibromacrylic 
ester  and  disodium  malonic  ester,  melts  at  107°  (B.  29,  R.  851). 


VI.  TETRAHYDRIC  ALCOHOLS  AND  THEIR  OXI¬ 
DATION  PRODUCTS. 


1.  TETRAHYDRIC  ALCOHOLS. 

Ordinary  erythrol  is  the  best  known  of  the  tetrahydric  alcohols  cor¬ 
responding  to  the  four  tartaric  acids  (p.  521).  By  an  intramolecular 
compensation  it,  like  mesotartaric  acid,  becomes  optically  inactive, 
and  is  therefore  called  i-erythrol.  This  alcohol  and  [d  -j-  1]  cry  t  ro 
were  synthetically  prepared  by  Griner  in  1893  from  divinyl. 


Divinyl,  or  butadien  (p.  99),  forms  an  unstable  dibromide,  which  rearranges 
itself  at  loo°  into  two  different  but  stable  dibromides.  When  these  are  oxidized  >y 
potassium  permanganate,  the  one  passes  into  the  dibromhydrin  (melting  at  '35  ) 
ordinary  or  i-erythrol,  while  the  other  becomes  the  dibromhydrin  (melting  at  3  > 

[d  4-  1]  erythrol.  Caustic  potash  converts  these  two  dibromhydrins  into  wo  hi  a 
dien  oxides,  which  with  water  yield  the  erythrols  corresponding  to  1-  an  [_  t  J 
erythrol  (B.  26,  R.  932)  : 


CH 

CII 


=  CH.X'*’ 


CH 

ch; 


HC .  CH2Br 
HC .  CH2Br 


Na 

CHjBr .  CII 


HC .  CH2Br 


(HO) .  HC  .  CH2Br 

->  | 

(HO).  HC.  CH2Br 

m.  p.  1350 

(HO)  .  HC .  CH2Br 


(HO)HC.CH2(OH) 

■^(iio)H(!:.ch2(OH) 

i-Erythrol 

(HO)HC .  CH2(OH) 


CILBrCH(OH) 

...  „ 


‘CHJ(OH)i.  CH(OH) 

TA  _i.ll.RrvthroL 
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from  these  by  saponification  with  caustic  soda  or  milk  of  lime  d 

C<H»  { (O^Qt^O,),  +  2H2°  =  C4H^OH)4  -l  2CsH,04. 

Erythrin  Ervthroi  Orseuinie  Acid. 

Like  all  polyhydric  alcohols  erythrol  possesses  a  sweet  taste.  It  melts  at  126° 
and  boils  at  330°. 

By  carefully  oxidizing  erythrol  with  dilute  nitric  acid  erythrose  results.  More 
intense  oxidation  produces  erythritic  acid  and  mrsotartanc  acid  (p.  ^26). 

•  ‘‘Nitro-erythrol,  C4H6  ONO,  4,  melts  at  6l=  and  explodes  violently  when  struck. 
i-Tetra-acety1  Erythrol,  C4Hs(OCOCH,)4.  melts  at  85°.  i-Erythrol  Dichlor- 
yarin,  C4H6(0H)2C11,  melting  at  1250,  is  formed  from  erythrol  by  the  action  of 

concentrated  hydrochloric  acid,  i- Erythrol- Ether.  /  \  /  \  boiling 

_  CH2 .  CH .  CH .  CH2 

a*  *3°  >  with  sp.  gr.  1.113  (l8°),  is  formed  when  caustic  potash  acts  upon  dichlor- 
hydrin.  It  is  a  liquid  with  a  penetrating  odor,  and  deports  itself  like  ethylene  oxide 
(p.  298).  It  slowly  combines  with  water,  yielding  ervthroi,  with  2HCI  to  the 
dichlorhydrin,  and  with  2CNH  to  the  nitrile  of  dioxyadipic  acid  (B.  17,  1091). 
Erythrol,  in  the  presence  of  hydrochloric  acid,  combines  with  formaldehyde,  benzal- 
dehyde,  and  acetone,  yielding : 

i-Erythrol-formal,  C4H604(CH1)J.  melting  at  96°  (A.  289,  27) ; 
i-Erythrol-dibenzal,  melting  at  970 ;  and 
(B5  28^25  t°)le  Erythrol,C^H«0^CsH«)^  melting  at  56°  and  boiling  at  io5°(29mm.) 

[d  1]- Erythrol  melts  at  J2°  ;  formation — see  above.  Dibrombydrin  melts  at 

/°\ 

83°  (see  above)  ;  [d  -f  1]  Erythrol  Ether,  CH,  .  CH  .  CH  .  CH,  (B.  26,  R-  933)- 

Tetra-acetyl  [d  -f-  1]  Erythrol  melts  at  530.  ,  r  oro 

NUrotertiary  Butyl  Glycerol,  NO,C(CH,OH)„  melting  at  158°,  is  f°™ea 
nitromethane,  formaldehyde,  and  some  potassium  bicarbonate  (B.  28,  R-  7741' 
Pentaerythrol,  C(CH2OH)4,  melting  at  250-255°,  has  been  prepare  7. 
densing  formaldehyde  and  acetaldehvde  with  lime.  See  also  vinyltnfflf  •  _ 

Tetra-acetyl  Pentaerythrol,  C(CH, .  O  .  COCH,)4,  melts  at  84°  (A.  276,  j  been 
erythrol  Dibenzal  melts  at  160°  (A.  289,  21).  Two  Hexyl-erythrols  have 
prepared  by  oxidizing  diallyl,  CH,  =  CH  .  CH,  —  CH,— CH  =  CH,  (P-^’iT0Se, 
2.  TRIOXYALDEHYDES  and  3.  TRIOXYKETONES :  El£  #re 
Tetrose,  is  probably  a  mixture  of  a  trioxyaldehyde  and  a  trioxyketone 
g ycerose,  jx  477).  It  is  produced  when  erythrol  is  oxidized  with  dilute  n  j. 

It  yields  phenylerythrosazone,  C4H60,(N'HC6H5),.  melting  at  167  (®;,  °,’del,y(le 

1  his  probably  is  also  produced  from  the  condensation  product  of  glyc°l> 

(B.  25,  2553).  r 

Methyl  Tetrose,  CH3[CHOH],CHO,  is  formed  from  rhaml1°A 
™lan,dtaCetic  anhydride.  The  melting  at 

becomes  d-tartaric  acid  when  it  is  oxidized  with  nitric  acid  ( 

1 3^  ^  )  •  1 

4-  OXYTRIKETONES  :  3-Methvl-?-hentanol-2.  S.6-trion,  a'*10'  % 

(iS,.)  (pH*3»)?C(OH)  •  CH>  •  CH>  •  C0  •  C0  •  CH”  b°ilS  ’’ 
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5.  TETRAKETONES:  Tetra-acetyl  Ethane ,  (CH3CO)2CH  — 
CH(CO .  CH3)2,  is  obtained  from  sodium  acetylacetone  by  means 
of  iodine  or  by  electrolysis  (p.  323). 

Oxalyl  Diacetone,  CH3 .  CO  .  CH2 .  CO  .  CO  .  CH2 .  CO  .  CH3, 
melting  at  120-121°,  is  obtained  by  the  action  of  sodium  ethylate 
upon  oxalic  ester  and  acetone  (B.  21,  1142).  It  forms  a  dipyrazole 
derivative  with  phenylhydrazine  (A.  278,  294). 

Methenylbisacetyl  Acetone,  (CH3CO)2CH .  CH  =  C(COCH3), 
is  obtained  from  ethoxymethylene  acetyl  acetone  (p.  478)  by  the  addi¬ 
tion  of  acetyl  acetone. 

6.  TRIOXYMONOCARBOXYLIC  ACIDS: 

Erythritic  Acid,  C3H4  |  q')  erythroglucic  acid,  trioxybutyric  acid,  is  pro¬ 
duced  in  the  oxidation  of  erythrol,  mannitol,  and  laevulose  (B.  19,  468).  It  forms 
a  deliquescent  crystalline  mass. 

Trioxyisobutyric  Acid,  (CHaOH)2C(OH)CO.H,  melting  at  1160,  is  formed 
from  glycerose  and  CNH  (B.  22,  106). 

7.  DIOXYKETONE  MONOCARBOXYLIC  ACIDS:  ay-Diethoxyaceto- 
acehc  Ester,  CH2(OC2H5) .  CO  .  CH(0  .  C2H5)COaC2H5,  boiling  at  131-132°  (14 
mm),  results  from  the  action  of  sodium  ethylate  upon  ethoxychloracetoacetic  ester 
(p.  482)  (A.  269,  28)  (p.  477). 

».  OXYDIKETONE  CARBOXYLIC  ACIDS:  Dehydracetic  Acid,  (6) 
■yr  .1  1  ,  .  CO  .  o  .  c .  ch3 

ietnyl-(.3)-acetopyronon,  I  II  >  melting  at  1080  and  boil- 

CH3.CO.CH.CO.CH 

lng  ,a*  209°,  is  formed  on  boiling  acetoacetic  ester  with  a  return  cooler,  on  evap- 
-fng  dehydracetocarboxylic  acid  with  caustic  soda  (A.  273,  186),  and  from  acetyl 
chloride  ^y  action  of  pyridine.  It  is  isomeric  with  isodehydracetic  acid  (p. 
490).  Feist  explained  its  constitution  (A.  257,  261  ;  B.  27,  R.  417)-  Hyckiodic 

this)  C0DVerts  U  into  dimethyl  pyrone,  CHS  .  C  =  CH  .  CO  .  CH  =  (t.  CH3  (see 

9-  TRIKETONE-MONO-CARBOXYLIC  ACIDS  :  The  /Tphenylhydra- 
zone  formed  from  sodium  acetone-oxalic  acid  and  diazobenzenechloride  is  a  deriva- 
ive  of  (i)3y-triketo-n -valeric  acid.  It  melts  from  206-207°  (A.  278,  285). 


10.  DIOXYDICARBOXYLIC  ACIDS. 

Tartaric  Acids  or  Dioxyethylene  Succinic  Acids. — Tartaric 
acid  is  known  in  four  modifications ;  all  possess  the  same  structure 
and  can  be  converted  into  one  another.  They  are  :  (1)  Ordinary  or 
( extro-tartanc  acid.  (2)  Lczvo-tartaric  Acid.  These  two  are  dis¬ 
tinguished  from  each  other  by  their  equally  great  but  opposite 
molecular  rotatory  power.  (3)  Racemic  Acid  or  paratartanc  acid,  or 
fd  T-  l]  tartaric  acid.  This  is  optically  inactive.  It  can  be  resolved 
into  dextro-  and  laevo-tartaric  acids,  from  which  it  can  again  be 
recovered  by  their  union.  (4)  ATesota rtaric  Acid,  antitartaric  acid, 
i-tartaric  acid.  This  is  optically  inactive  and  cannot  be  split  into 
other  forms.  The  isomerism  of  these  four  acids  was  exhaustively  con- 
44 


522 


ORGANIC  CHEMISTRY. 


ss  t&izsssi  St  '*”>■  *  -  ■. « 

dextro-form,  a  Isevo-form  and  h Y  ?  ln  three  modifications— a 
decomposable  [d  +  1]  modificatioiTTf  °tl  theSe  tW0’  “  inactire’ 

groups  are  ioineH  tr>  f  *.  ^  same  atoms  or  atomic 

Compound be sto  JSrSlv^T^'^ll0"  a.,oms’-'ha‘  *  HS 
acid, — then  in  addition  <-  Jv, co^structe(^>  dioxyethylene  succinic 
a  compound  wi?h  In  °  the  three  modifications  capable  of  forming 
possibility  Sbn  1  ,ne  as' n}metnc  carbon  atom  there  arises  a  fourth 
carbon  atom  r  •  a  name^>  the  groups  linked  to  the  one  asymmetric 
carhon  <-  (V)e"ed  from  the  point  of  union  of  the  two  asymmetric 
^  ?mSjuSh°Wan  °PP°site  arrangement  from  that  of  the  groups 
i  16  ...  °  sec°nd  asymmetric  carbon  atom,  then  an  inactive 
o  y  wi  result  by  virtue  of  an  intramolecular  compensation.  The 
ac  ion  on  polarized  light  occasioned  by  the  one  asymmetric  carbon 
a  om  is  equalized  by  an  equally  great  but  oppositely  directed  influ- 
ence  exerted  by  the  second  asymmetric  carbon  atom. 

1  herefore,  the  four  symmetrical  dioxysuccinic  acids  can  be  repre¬ 
sented  by  the  following  formulas,  to  which  must  be  ascribed  a  spacial 
significance  as  basis  (p.  48)  : 


co2h 

I 

H  —  *C  —  OH 

HO  —  H 
I 

C02H 

(1)  Dextrotartaric  Acid 


C02H 

HO  —  *C  —  H 

H  — *i  — OH 
I 

co2h 

(2)  Laevotartaric  Acid 


d-Tartaric  acid  +  1-tartaric  acid  =  (4)  Racemic  Acid. 


CO,  H 

H  —  *c— oh 

H  — *C  — OH 

co2h 

(3)  Mesotartaric  Acid, 


The  configuration  of  d-tartaric  acid,  as  represented  on  p.  5^3’ 
lows  in  consequence  of  the  formation  of  this  acid  from  the  oxidation 
of  methyl  tetrose,  the  decomposition  product  of  the  rhamnoses. 

Historical. — Scheele  in  1769  showed  how  this  acid  could  be  isolated  from  • 
Kestner  in.  1822  discovered  racemic  acid  as  a  by-product  in  the  manufacture  o  or 
nary  tartaric  acid,  and  in  1826  Gay-Pussac  investigated  the  two  acids.  .  \ery  s0 
both  he  and  Berzelius  (1830)  proved  that  ordinary  tartaric  acid  and  racemic  aci 
sessed  the  same  composition,  and  this  fact  led  Berzelius  to  introduce  the  e 
isomerism  into  chemical  science  (p.  41).  Biot  (1838)  showed  that  a  solution  o  ora_ 
nary  tartaric  acid  rotated  the  plane  of  polarized  light  to  the  right,  whereas  the  solutio 
of  racemic  acid  proved  to  be  optically  inactive,  and  was  without  action  upon 
polarized  ray.  Pasteur’s  classic  investigations  (1848-1853)  demonstrated  how  racen^ 
acid  could  be  resolved  into  dextro -  and  Uzvo-tartaric  acidy  and  be  again  re-formed  ^ 
them.  In  addition  to  laevo-tartaric  acid,  Pasteur  also  discovered  inactive  or  ****?? 
taric  acid,  which  cannot  be  resolved.  Kekul£  in  1861  and,  independently  of  hi  n, 
Perkin,  Sr.,  and  Duppa  synthesized  racemic  acid  and  mesotartaric  acid  from  succm 
acid,  derived  from  amber,  through  the  ordinary  dibromsuccinic  acid.  In  1873 Jun®j 
fleisch  obtained  racemic  acid  and  mesotartaric  acid  from  synthetic  succinic  acid,  am 
also  the  other  two  tartaric  acids  derivable  from  racemic  acid.  Van  ’t  Hoff  in  1S74  an  ’ 
independently  of  him,  Le  Bel  referred  the  isomerism  of  the  four  tartaric  acids  to  t 
presence  of  two  asymmetric  carbon  atoms  in  symmetrical  dioxyethylene  succinic  ad  • 
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Kei *od  Anscbetz  in  1S80  arvi  1SS1  vxzA  that  wiec  ook  aad  wm  « ve^fl 
h  raided  fumaj-u  add ,  aid  that  inactive  cr  firttwc  aod  gaje  Mlo  c  arr_  - 
oxidant  Vis  potass:nn  pennargasate  This  reacska  dircct_j  b^ed  138 
of  ae  tartaric  to  the  isomerism  of  the  two  urssmrateji  actcs  ac*_  °- 

jr£elc  add. 


ij  Racemic  Acid,  Paratartaric  Acid,  C*H*04  —  H.O,  is  =*-— e* 
times  found  in  conjunction  with  tartaric  acid  in  the  juice  of  the  gra^e. 
and  is  obtained  from  the  mother  liquor  in  crystallizing  cream  of 
tartar,  especially  in  the  presence  of  alumina.  _  .  . 

Racemic  acid  appears  (i)  in  the  oxidation  of  manmtcd,  cu  e  '.  i 
and  nracic  acid  with  nitric  acid,  as  well  as  when  rmianc  add  1  I3» 

21  >0  ;.  sorbic  acid,  and  pipenc  acid  are  oxidized  by  potaasium  yz. 
manganaie  (B.  23,  2772  .  It  is  syntheticaLy  obta — -  -  - 

gtvoxal  br  means  of  prussic  and  hydrochloric  acids  together  15 

fflOMirtaric  acid,  B.  27,  R.  749).  •*&  O  fr°m.  i?od:br?,It  “c 
(together  with  meso tartaric  acid)  from  diUornsncac  c  acc,  T 
action  of  silver  oxide  (pp.  452,  526);  (4  together  wi.h  glycolic  acic 
(compare  the  pinacone  formation,  p.  293)-  wn-en  glyoxvbc  ao  is 
redcced  with  acedc  acid  and  zinc ;  (5)  in  adcar.uo,  J  J  ~ 
cesoxalic  acid  with  water  to  10c when  caroon  diox.ce  --  -r^-~  ~~~ 
Ethyl  alcohol,  which  can  be  synthesized  in  various  ways,  ci^..-^ 
the  starting-oat  material  for  the  first  four  sytioess.  i— 
synthesis  carbon  monoxide  serves  for  mat  pupuse. 


SYNTHESIS  OF  RACEMIC  A*. - - 

CQ.H 
CH, 


00*** 


CH.OH 


rn  r  R 


OCXH 
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Racemic  acid  is  also  produced  when  equal  quantities  of  conr^nf  *  j 
:0'Utl°ns  of  dextro-  and  tevo-tartaric  acidsV  £  B  2  ”  « 

and  together  with  mesotartaric  acid  when  ordinary  tartaric ’acid  | 
heated  with  water  to  1750.  J  ac  a  s 

•  Racei™<=  acid  crystallizes  in  rhombic  prisms  which  slowly  effloresce  in  dry  air  It 
is  less  soluble  (l  part 5.8  parts  at  15°)  in  water  than  the  tartaric  add  and  has  no 
effect  on  polarized  light.  It  loses  its  crystal  water  when  heated  to  no0  In  the 
anhydrous  condition  it  melts  at  205-206°.  It  foams  at  the  same  time.  Potassium 
permanganate  oxidizes  it  to  oxalic  acid  and  hydriodic  acid  reduces  it  to  inactive 
malic  and  ethylene  succinic  acids.  Its  salts  closely  resemble  those  of  tartaric  acid 
1  \°  n°^  s^low  hemihedral  faces.  1  he  acid  potassium  salt  is  appreciably  more  solu- 

bie  than  cream  of  tartar.  The  calcium  salt,  C4H406Ca  +  4H20,  dissolves  with  more 
uitliculty  than  the  corresponding  salts  of  the  three  other  tartaric  acids.  Acetic  acid 
and  ammonium  chloride  do  not  dissolve  it.  It  is  formed  on  mixing  solutions  of  cal- 
cium  dextro-  and  laevotartrates.  Barium  salt,  C.H.OfiBa  4-  2»4H,0  or  sH.O  (A. 
292,  311). 


Decomposition  of  Racemic  Acid. — When  Pasteur  was  study¬ 
ing  racemic  acid  he  discovered  methods  for  the  decomposition  of 
optically  inactive  bodies  into  their  optically  active  components.  These 
were  briefly  considered  in  the  introduction  (p.  68) : 

(x)  Pemcillium  glaucum  destroys  the  dextro-tartaric  acid  growing  in 
a  racemic  acid  solution,  leaving  the  1-tartaric  acid  undisturbed. 

(2 a)  From  a  solution  of  sodium  ammonium  racemate  unaltered  salt, 
without  hemihedral  faces,  separates  above  — f—  2S0  (B.  29,  R  II2)‘ 
When  the  crystallization  takes  place  below  -J-280,  large  rhombic  crys¬ 
tals  form.  Some  of  these  show  right,  others  left  hemihedral  faces. 
Removing  the  similar  forms,  or  by  testing  a  solution  of  the  crystals 
with  a  solution  of  calcium  dextro-tartrate  (A.  226,  197)*  we  discover 
that  the  former  possess  right-rotatory  power  and  yield  common  tartaric 
acid,  whereas  the  latter  yield  the  laevo-acid. 

(2^)  From  a  solution  of  cinchonine  racemate  the  first  crystallization 
consists  of  the  more  sparingly  soluble  lsevotartrate.  If  only  halt  as 
much  cinchonine,  as  is  necessary  for  the  production  of  the  acid  sa  > 
be  introduced,  then  two-thirds  of  the  calculated  quantity  of  cine  ^ 
nine  laevo-tartrate  will  separate  (B.  29,  42).  Quinicine  dextrotartra 
is  the  first  to  crystallize  from  a  solution  of  quinicine  racemate. 

Esters  of  Racemic  Acid :  The  dimethyl  ester  melts  at  85°  and  boils  at  -l 
It  is  produced  from  racemic  acid,  methyl  alcohol,  and  HC1.  It  is  obtainec  P”  .  ] 
distillation  under  reduced  pressure.  It  can  be  made  by  fusing  together  the  <  11  ^ 

ester  of  dextro-  and  loevo-tartaric  acids.  In  vapor  form  the  ester  of  racemic  acu  . 
sociates  into  the  dimethyl  ester  of  the  dextro-  and  kevo-tartaric  acids  (B»  l8» 

21,  R.  643).  ,r  l3l 

Diacetyl  Racemic  Anhydride,  (C,HsOs ) C. H 2Os ,  melts  at  122-123  \  j 
1178).  Dimethyl  Diacetyl  Racemic  Ester ,  (C#Hs02  >jC4Hj04(CHs)j,  melting  ^ 
results  from  the  action  of  acetyl  chloride  upon  the  dimethyl  ester,  and  upon  of 

ing  the  benzene  solution  of  the  dimethyl  1-  and  d-diacetyl  tartaric  esters.  -  *  .  at 
Diacetylpyroracemic  Acid ,  C1I3.  CO.  O.CII(CN)  .  CII(CN)0.  COCIIj.  ,]U  aoetic 
97°,  is  produced  together  with  the  nitrile  of  diacetyl  mesotartaric  acid,  w|e1^ 
anhydride  acts  upon  the  liquid  portion  of  the  additive  product  resulting  ‘ 1X111 
and  glyoxal  in  alcohol  (B.  27,  R.  749). 
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Imides:  Methyl ethyl,  and  phenyl-imides  melt  at  1570,  1790.  and  2350  (B.  2g, 
2- iq)  The  anil  of  diacetylracemic  acid  melts  at  940.  It  results  when  PC15  acts 
upon  the  anilic  acid,  and  when  the  anils  of  d-  and  1-diacetyltartaric  acids  combine 
(privately  communicated  by  Anschutz  and  Reitter). 

(2)  Dextro-rotatory  or  Ordinary  Tartaric  Acid  ( Acidum 
tartaricum )  is  widely  distributed  in  the  vegetable  world,  and  occurs 
principally  in  the  juice  of  the  grape,  from  which  it  deposits  after 
fermentation  in  the  form  of  acid  potassium  tartrate  (argol).  It  results 
on  oxidizing  saccharic  acid  and  milk  sugar  with  nitric  acid. 

Common  tartaric  acid  crystallizes  in  large  monoclinic  prisms, 
which  dissolve  readily  in  water  (1  part  in  0.76  parts  at  150)  and  alco¬ 
hol,  but  not  in  ether.  Its  solution  turns  the  ray  of  polarized  light  to 
the  right.  It  melts  at  167-170°  (B.  22,  1814),  when  rapidly  heated. 
When  it  is  heated  with  water  to  165°  it  changes  mainly  to  mesotar- 
taric  acid ;  at  1 7 5 0  the  racemic  acid  predominates.  It  also  forms 
racemic  acid  when  it  is  brought  together  with  a  concentrated  solution 
of  1-tartaric  acid.  Pyroracemic  and  pyrotartaric  acids  are  products 
of  its  dry  distillation.  .  . 

When  gradually  oxidized,  d-tartaric  acid  becomes  dioxyfumaric  acid 
(P-  527)»  dioxytartaric  acid,  and  tartronic  acid  (p.  485)  ;  stronger 
oxidizing  agents  decompose  it  into  carbon  dioxide  and  formic  acid. 
Hydriodic  acid  reduces  it  to  d-malic  and  ethylene  succinic  acids. 
d-Tartaric  acid  is  applied  in  dyeing  or  coloring,  as  an  ingredient 
of  effervescing  powders,  and  as  a  medicine.  Nearly  all  of  its  salts  meet 
with  extended  uses. 


Tartrates. — The  neutral  potassium  salt,  C4H4K2Oe  +  /2U,0,  is  readily  soluble  in 
water  ;  from  it  acids  precipitate  the  salt  C4H5KOe,  which  is  not  very  so  u  >  e  y ’ 
and  constitutes  natural  tartar -argol  (Cretnor  tartan).  Po  0  •  :.u 

C.H  KNaO.  +  411,0  (SeipuMs  *>")..  crys‘^'c  h'knIo  +  4H  O  U  obtained 
hennhedral  faces.  The  sodium-ammonium  salt,  C4 1 1 4K N aU6  +  4  1  s° 

dpitate^7rommsSutioUn“  oTnTmai  talrates!  by Calcium  chloride®  as  an 'insoluble, 

cf  taibne^r  USdisso,ves  in  XTSf  S« 

on  boiling — a  reaction  serving  to  distinguisu  wu 
calcium  racemate.  .  , 

The  neutral  lead  salt,  C4H4Pb06,  is  a  curt  y  pi  1 ^  ific^KO  -1-  '/HO  or 
Tartar  Emetic .-Potassio-antimonyl  Tartrate,  C4H4(Sb0)K06  +  y2  H2U,  or 

C.H.O. :  SbOK  +  ^H.O,  or  CO,K[CHOH],COOSb<g>Sb .  OCO[CHOH], .  - 

COOK  .Horn  16  2186),  is  prepared  by  boiling  cream  of  tartar  with  antimony 
C  OOK  4-  H20  (B.  : 10,  23  '  v  r^ombic  octahedra,  which  slowly  lose  their  water 

oxide  and  water.  It  crysta  tQ  a  powder.  It  is  soluble  in  fourteen  parts 

of  crystallization  on  exP°?^e  *  sesSes  an  unpleasant  metallic  taste,  and  acts  as  a 
of  water  at  io°.  Its  soluti  1  ^  g  8  R  6g  for  tbe  corresponding  arsenic 
sudorific  and  emetic.  See  ts.  29,  » 

compound.  .  .  ;d  Esters  (compare  racemic  esters).  To  obtain  the  esters 

d-Dextro-tartanc  ^  dissolve  the  acid  in  methyl  or  ethyl  alcohol,  con- 

of  tartaric  acid^Oa11*  at.  -  trough  the  solution,  and  distil  the  liquid  under  dirain- 
duct  hydrochloric  aci  tbem  jnto  esters  of  chlormalic  acid  (p.  489)  and  chlor- 

lshed  pressure.  isters  constitute  the  first  homologous  series  of  optically  active 

fumaric  acid.  _  investigated  along  the  line  of  rotation  of  the  plane  of  polar- 

substances,  wnicu 
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ized  light  (Anschutz  and  Pictet  R  to  hot  ~ 

sstWiM  "•  «ss » ;  ;s  *,i 

Diacetyl  Tartaric  Dianilide  melts  at  2140  (A.  270  138) 

imid«,T  t'Xlo""’'  ^  'he  ani‘  °f  diaCe‘)'1  P)rr0racemic  lcid'  P-  5^4;  .lb„ 

By  dissolving  pulverized  tartaric  acid  in  concentrated  nitric  acid  and  adding  sul¬ 
phuric  acid,  so-called  Nitro-tartaric  Acid,  C2H2(0  .  N02)2<^H  results  I{  de. 

composes ^  in  aqueous  solut ion  with  the  formation  of  dioxytartaric  acid  (p.  527). 

a  ’  ^  2  C(0H)2C02H,  which  further  breaks  down  into  C02  and  tartronic 

acid,  2 

(3)  Lse vo-Tartaric  Acid  is  very  similar  to  the  dextro-variety, 
also  melts  at  167— 170°,  and  only  differs  from  it  in  deviating  the  ray 
of  polarized  light  to  the  left.*  Their  salts  are  very  similar,  and  usually 
isomorphous,  but  those  of  the  laevo-acid  exhibit  opposite  hemihedral 
faces. 

i  he  dimethyl  ester  has  the  same  melting  and  boiling  points  as  the 
dimethyl  ester  of  d-tartaric  acid  (see  above);  also  compare  racemic 
acid  esters  (p.  524).  In  the  description  of  racemic  acid  the  method 
byr  which  l-tartaric  acid  could  be  obtained  from  it  was  exhaustively 
considered  (p.  524).  In  concentrated  solution  it  combines  with 
d-tartaric  acid  and  yields  racemic  acid.  . , 

(4)  Inactive  Tartaric  Acid,  Mesotartaric  Acid,  Antitartaric  Acid, 
is  obtained  when  sorbine  and  erythrol  are  oxidized  with  nitric  aci  , 
or  (together  with  racemic  acid)  when  dibromsuccinic  acid  is  treate 
with  silver  oxide  (p.  523)  and  maleic  acid  and  phenol  with  potassium 
permanganate  (B.  24,  1753).  It  is  most  readily  prepared  by  heat in^ 
common  tartaric  acid  with  water  to  165°  for  two  days.  It  contain 
molecule  of  water  of  crystallization. 

Caicium  Salt,  C4H406Ca  +  3H20  (A.  226,  198).  Barium  Salt, 

H20(A.  292,  315).  Dimethyl  Ester  melts  at  ui°.  Diethyl  Ester  melts  a  ^ 
and  boils  at  156°  (14  mm.)  (B.  21,  517).  Mesotartaronitrile,  CN .  CH(UJ ni- 
(OH)CN,  melts  with  decomposition  at  13 1°.  It  is  produced  by  the  addition  ^  0 

sic  acid  to  glyoxal,  dissolved  in  alcohol.  Diacetylmesotartaronitrile  niei 

(B  27,  R.749).  ,  j  when 

Diamidosuccinic  Acids,  C02H  .  CH(NH2)  .  CH(NH2) .  C02H,  are  form*  ^ 
the  diphenylhydrazone  of  dioxosuccinic  acid  (p.  528)  is  reduced  with  soaiu  ^  ^ 
gam.  The  one  acid  corresponds  to  mesotartaric  acid  (see  above),  the  ottr e 
mic  acid  (p.  523)-  Ibis  has  been  proved  by  changing  the  amido-acu  s 
acids  (B.  26,  1980).  0  c  p5, 

Dianilinosuccinic  Ester,  C02C2H5  .  CH(NHC8H6)  .  CH(NHC6H6)  •  u  »0^0lic 
melting  at  1490,  is  obtained  from  dibrom-  and  isodibrom-succinic  ester  ana  * 
aniline  heated  to  ioo°  (B.  27,  1604). 

Imidoethylsuccinic  Acidy  ’  COaCaH6  mejt;ng  at  98°,  is  obtained 

CH  CO  H  9 

the  action  of  hydrochloric  acid  upon  imidosuccinamic  ester,  the  product  ' 
from  the  action  of  alcoholic  ammonia  upon  bromsuccinic  ester  (B.  25,  W 


resu 


ilting 
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Azinsuccinic  Ester,  (C02C2H5)2 


c2H2 


N2 .  C2H2(C02C2H5),  is  obtained  from 


diazoacetic  ester;  an  isomeric  ester  is  obtained  from  diazosuccimc  ester  (B.  29,  763). 

C(  CH.) .  C02H 

Oxycitraconic  Acid,  0<  1  ^  TT  ,  decomposes  at  162°. 


CH .  C02H 


It  is  formed  when 


a-chlorcitramalic  acid,  melting  at  1390,  the  addition  product  of  ClOH  and  citraconic 
acid,  is  treated  with  caustic  alkali.  Hydrochloric  acid  changes  it  to  /J-chlorcitramalic 
acid,  melting  with  decomposition  at  162°  (A.  253,  87). 

CH3.C(OH).C02H 

Dimethyl  Racemic  Acid,  I  -}-  H20,  is  produced  (i)  by  the 

CH3 .  C(OH) .  C02II 

reduction  of  pyroracemic  acid  (B.  25,  397),  and  (2)  when  hydrocyanic  and  hydro¬ 
chloric  acids  act  upon  diacetyl  (p.  322).  The  acid  melts  at  177-178°  (B.  22,  R.  137). 

afi-Dioxyglutaric  Acid,  C02H  .  CH(OH) .  CH(OH) .  CH2 .  C02H,  melting  from 
i55-156°»  is  obtained  from  the  addition  product  of  glutaconic  acid  (B.  18,  2517). 

ay-Dioxyglutaric  Acid,  C02H  .  CH(OH) .  CH2 .  CH(OH) .  C02H,  is  formed  from 
dioxypropenyl  tricarboxylic  acid,  the  oxidation  product  of  isosaccharin  (p.  537) 
through  the  elimination  of  C02  (B.  18,  2516). 

ay -Dioxy -dim ethyl  Glularic  Acids,  ^ cpj^^>C(OH)  .  CH2 .  C(OH)<^^^.  The 

acid,  melting  at  98°,  has  been  obtained  from  ether  in'  enantiomorphous  crystals, 
lhe  second  acid  readily  changes  to  a  lactonic  acid,  melting  at  189-190°.  This  yields 
a  dilactone,  melting  at  104-105°  and  boiling  at  235°,  when  it  is  heated.  These  acids 
are  produced  when  acetyl  acetone  is  treated  with  CNH  (B.  24,  4006;  compare  B. 
25,  3221)- 

ay- Dioxy-afty -trimethyl  Glutaric  Acid — see  B.  28,  2940. 

Dimethyloxyaditic  Acids  have  been  prepared  from  acetonyl  acetone  and  CNH 

(B.  29,  819). 

Cineolic  Acid,  C10H16O5,  the  anhydride  of  a  dioxydicarboxyhc  acid  resembling 


ethylene  oxide,  will  be  discussed  later  under  cineol. 


Di-u-oxypropylmalonic  Lactone ,  ^ 


CH, .  CH, 


CH2  ch2 

>C< 

CO  CO 


CH2 .  CH, 
- 0 


,  melting 


at  106°,  is  obtained  from  diallylmalonic  acid  (p.  467)  by  the  action  of  hydrobromic 
acid  (A.  216,  67).  .  . 

Dioxyolejine  Dicarboxylic  Acid. — The  simplest  possible  acid  of  this  class  appears 
to  be  formed  when  tartaric  acid  is  oxidized  with  hydrogen  peroxide  in  the  sunlight  and 
in  the  presence  of  a  small  quantity  of  a  ferrous  salt.  It  may  be  called  dioxyfumaric 
a“d,  C02H  .  C(OH)  :  C(OH) .  COsH  +  2H20.  Diacetyl-dioxyfumanc  acid  melts 

at  98°  (Fenton,  B.  2g,  R.  547).  ____  r.i  .  .  .. 

n.  OXYKETONE  DICARBOXYLIC  ACIDS:  Ethoxyl  -  oxalo  -  acetic 
Ester,  C02C2H5  .  CO  .  CH(0  .  C2H5)C02C2H5,  boils  at  155°  (17  mm.).  It  is  obtained 

from  oxalic  ester  and  ethyl  glycollic  ester  (B.  24,  421°) • 

.CH  —  CO,CaHs 

melting  at  1540  (40  mm.),  is 


Nitrilosuccinic  Diethyl  Ester ,  _ q  jj  , 

formed  from  the  silver  salt  of  y-oximidosuccimc  ester  and  ethyl  iodide  with  subse¬ 
quent  distillation  (B.  23,  R.  561 5  24,  2289). 


12. 


It  melts  with  decomposition  at  98°  (B. 


j j£ETO ne  dicarboxylic  acids. 

C(OI1)j  •  COaH 

Dioxytartaric  Acid,  ^oH)2.C02H 

•  Plained  when  protocatecliuic  acid,  pyrocatechin,  and  guaiacol,  in 
2,  2015).  It  is  aCted  upon  with  N2Os.  It  was  formerly  regarded  as  carboxy- 

ethereal  s°luU°n,  ‘  (C02H)s-  Its  formation  from  the  benzene  derivatives  just 
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cited  is  proof  for  the  assumption  that  in  benzene  one  carbon  atom  is  combing  • , 
three  other  carbon  atoms.  However,  Kekul6  removed  the  basis  from  2*  d  Wlth 
when  he  showed  that  ,he  body  supposed  to  be  carboxJftZnic  Sid  ? 

made  from  mtrotartaric  acid  by  the  action  of  an  alcoholic  solution  of  nitrous  tin® 
and  then  by  reduction  be  converted  into  racemic  and  mesotartaric  acids  h*  d’ 
fore  named  it  dioxytartaric  acid,  for  it  sustains  the  same  relation  to  tartaric  acid 
glyoxylic  acid  bears  to  glycollic  acid,  and  mesoxalic  acid  to  tartronic  acid  (A 2lf 
2J°\  1S  formed  when  sodium  dioxytartrate  is  acted  upon  with  sodium 

powder tC*  ***  C*H*Na’°°  +  2H’0’  is  a  solubll  crysSlnn“ 

The  dioxytartaric  esters  are  not  known.  Dioxy-oxosuccinic  Diethyl  Ester,  CO  - 
C2Hg.  C(OH)2CO.  C02C2H5,  is,  however,  known.  It  consists  of  colorless  crystals 
melting  at  116-1180.  They  are  produced  on  adding  water  to  dioxosuccinic  diethyl 
ester,  C02C2H5  .  CO .  CO.  C02C2H5,  boiling  at  232-2330  (760  mm.),  115-1170 
(13  mm.);  sp.  gravity  1. 1896  (20°).  The  distillation  is  conducted  under  reduced 
pressure.  Hydrochloric  acid  acting  upon  sodium  dioxytartaric  acid  suspended  in 
alcohol  produces  the  dioxosuccinic  diethyl  ester.  It  is  a  thick  liquid  with  an  orange- 
yellow  color  (B.  25,  1975)  (compare  a-diketones,  p.  321).  When  it  is  boiled  with 
a  return  cooler  CO  splits  off,  and  oxomalonic  ester  (p.  498)  and  oxalic  ester  result 
(B.  27,  1304). 

Two  isomeric  dioximes  of  dioxosuccinic  acid  are  known  (B.  24,  1215).  Furazatt 
Carboxylic  Acid  is  the  oxime  anhydride  of  the  dioxime.  Dioximidokyperoxid-succinic 
ON  :  C.C02H  . 

Acid,  1  ,  is  an  unstable  oil,  formed  by  oxidizing  isonitroso-acetic  and 

v_/  IN  !  V/  •  L/vJjj  rl 

acetoacetic  esters  (p.  368)  with  nitric  acid  (B.  28,  1213). 

Dioxosuccinic  acid  also  yields  pyrazolonopyrazolon,  a  double  lactazam,  a  mono- 
phenylhydrazone  and  a  phenylosazone.  The  lactazam  corresponding  to  the  latter 
compound  is  the  parent  substance  of  a  yellow  dye, 

Tartrazine,  which  will  be  more  fully  described  under  the  pyrazolons  (A.  294* 
219). 

Three  isomeric  osazones  :  a-,  melting  at  121°  ; melting  at  136-137°;  *n  •  ’ 
melting  at  1 750,  of  dioxosuccinic  diethyl  ester  are  known.  The  a-  body,  when^ 
solution,  gradually  changes  to  the  /3-compound.  Iodine  or  S02  will  acceleiate 
conversion.  All  these  osazones  enter  the  pyrazolon  formation  very  readily. 

Oxalo-diacetic  Acid,  Ketipic  Acid ,  C02H  .  CH2 .  CO  .  CO .  CII..^^  hydro- 
precipitated  in  the  form  of  a  white  ‘ 


insoluble  powder  on  adding  concentiau  ; 
chloric  acid  to  the  ester.  It  breaks  down  on  heating  into  2C02  and  diacet)  (Po  ^ 


Oxalo-diacetic  Ester,  Ketipic  Ester,  C02C2H5  .  CH2 .  CO .  CO  .  Cl  2  ^2^  ^ 
is  produced  like  oxalacetic  ester  (p.  499)  by  the  action  of  sodium  upon  a  hi  ^ov- 
oxalic  ester  with  2  mols.  of  acetic  ester  (B.  20,  591) ;  also  from  oxalic  ester  at 

acetic  ester  by  the  action  of  zinc  (B.  20,  202).  It  consists  of  leafy  .^Winn.  chlorine 
770.  Ferric  chloride  imparts  an  intense  red  color  to  its  alcoholic  so  ^  The 
and  bromine  convert  the  ester  into  tetrachlor-  and  tetrabrom-oxaldiace  u  aCts 

first  is  called  tetrachlordiketo-adipic  ester ^  and  is  also  produced  w^eI|)£Coxaidiacetic 
upon  dioxy-quinone  dicarboxylic  ester  (B.  20,  3183).  The  osa^°lie  0 
ester  may  be  converted  into  di-l-phenyl-z.ybispyi'dzolott  (B.  28,  68). 

Oxal-laevulinic  Ester  (B.  21,  2583).  a  1  1  hv  electroly5*s 

Diacetosuccinic  Acid,  C8H10O6.  Its  ethyl  ester  is  proc: luce0  y  ^  28,  R. 
and  by  the  action  of  iodine  upon  sodium  acetoacetic  ester  (A.  201,  4 
452). 

CH, .  CO  .  CH  .  COjR  +  2NaI. 


CII, .  CO  .  CIINa 


CH, .  CO 


co2r 


CHNa .  C02R 


+  T2  — 


CH, 


co  <!:h.co3r 


difi' 


id  (/?-)  m° 

It  crystallizes  in  thin  plates,  melting  at  88°.  It  exists  also  in  a  ‘(luan^under£0<:* 
cation,  and  a  y-form  melting  at  68°  (A.  293,  86).  It  is  very  uns  a  the  atoni 

its  y-diketone  natuie  ^ 


various  transformations,  corresponding  to 
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£Toqr:!ig  CO .  CH  .  CH  .  CO,  p.  324).  Thus,  when  heated  or  acted  upon  by  acids, 
k  yields  carbopyrotritartaric  ester  (a  derivative  of  furfurol).  Pyrrol  derivatives  result 
when  it  is  acted  upon  with  ammonia  and  amines.  This  reaction  will  serve  for  the 
detection  of  diaceto-succinic  ester  (B.  19,  14).  Phenyihydrazone  produces  bispyra* 
zc’.oq  derivatives  (A.  238,  168). 

Sodium  hydroxide  causes  the  ester  to  break  down  into  2CO,,  and  acetonyl  acetone 

(p-  324'  .  CH3.CO.  CH. CO,H 

c  j-Diaceto-glutanc  Acid,  i  .  Its  diethyl  ester  is  ob- 

CH, .  CO .  CH  .  CHjCOjH 

tsined  from  acetoacetic  ester  and  jS-laevulinic  ester  (p.  381).  Being  a  y-diketone 
compound,  it  unites  with  ammonia  and  forms  a  pyrrol-derivative  (B.  19,  47). 


tv  *  1  •  T,  CHS .  CO .  CH  - CO,C,H5 

«: -Diaceto-glutanc  Ester,  3 _ _  >CH,  *  2  5,  is  formed  from  form- 

CHj.CO.CH  _ 2CO,C,H5 

aldehyde  and  acetoacetic  ester  in  the  presence  of  small  quantities  of  a  primary  or 
secondary  amine  (Knoevenagel,  A.  288,  321).  It  passes  readily  into  a  tetrahydro- 
beczene  derivative.  The  3-alkyl-a)-diaceto-glutaric  esters  prepared  from  the  hom¬ 
ologous  aldehydes  deport  themselves  in  a  similar  manner. 

,  TV  _  . .  .  .  CH,.CH(CO.CH3).  CO,H 

-.-Diaceto-adipic  Acid,  t  .  Ethylene  bromide  acting 

CH, .  CH(CO .  CH3) .  CO,H 

upon  two  molecules  of  sodacetoacetic  ester,  forms  its  diethyl  ester.  Phenylhydrazine 
cocveits  it  into  a  bispyrazolon  derivative  (B.  ig,  2045). 

Diaceto-dimethyl  Pimelic  Acid  (B.  24,  R.  729). 

n;.  ......  ~  CH. .  CO .  CH, .  CH. .  CO,H 

^-ae  • — ^:c  Acid,  4.7  -Decandion  Diacidy  1  ,  results 

CH, .  CO .  CH,  .  CH, .  CO,H 

when  alcoholic  hydrochloric  acid  acts  upon  <J- furfural-lsevulinic  acid  (A.  294,  167). 
Iodine  converts  disod  -  diaceto  -  succinic  ester  into  diaceto  -  fumaric  ester , 

CHa-CO.C.COjR 

^T,  ,  melting  at  96°. 

CH  Co.C.CO,R  rnrH  CO  C  H 

Methenylbisacetoacetic  Ester,  CH  .  (5)>CH  —  CH  =  C<COCH  — see 

ethoiymethylenacetoacetic  ester  (p.  483). 


13.  OXYTRICARBOXYLIC  ACIDS. 

Citric  Acid,  Oxytricarballylic  Acid  (. Acidum  citricum ),  CO,H.- 
CH,.  C(OH)(COjH)  .  CH,.  CO,H  +  H,0,  melts  when  anhydrous  at 
I53°  (B.  25,  1159),  and  occurs  free  in  lemons,  in  black  currants,  in 
bilberry,  in  beets,  and  in  other  acid  fruits.  It  is  obtained  from  lemon 
juice  for  commercial  purposes,  and  also  by  the  fermentation  ot  glucose, 
induced  by  certain  ferments  '•  Cttrotnycetes  pfeffcrianus  and  glaber 
(B.  26,  R.  696;  27,  R.  78,  448).  .... 

The  acid  can  be  prepared  synthetically  from  ,3-dichloracetone ;  this 
is  accomplished  by  first  acting  on  the  latter  compound  with  prussic 
acid  and  hydrochloric  acid,  when  we  get  dichloroxyisobutyric  acid, 
which  is  then  treated  with  KCN  and  a  cyanide  obtained.  The 
latter  is  saponified  with  hydrochloric  acid  : 

CH,C1  CH,C1  CH,C1  CH,.CN  CH,.CO,H 

i0  — ^  i(OH)CN  — >  C(OH).CO,H  C(OH).CO,II  — ^  C(OH).CO,H 

in  ,ci  iH*ci  ch,.cx  ch,.co,h 

45 
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Citric  acid  is  also  obtained  by  the  action  of  prussic  and  hvdir. 
chloric  acids  upon  acetone  dicarboxylic  acid.  ' 

Properties.  Citric  acid  crystallizes  in  large  rhombic  prisms,  which 
dissolve  m  4  parts  of  water  of  20°,  readily  in  alcohol  and  with  diffi. 
culty  in  ether.  The  aqueous  solution  is  not  precipitated  by  milk  of 
lime  when  cold,  but  on  boiling  the  tertiary  calcium  salt  separates. 
1  his  is  insoluble,  even  in  potash  (see  Tartaric  Acid). 

Transpositions. — \\  hen  heated  to  1750  citric  acid  decomposes  into 
aconitic  acid  (p.  51S).  Rapidly  heated  to  a  higher  temperance 
aconitic  acid  breaks  down  into  water  and  its  anhydride  acid,  which 
changes  to  CO,  and  itaconic  anhydride .  and  the  latter  in  part  to  citn- 
conic  anhydride.  Another  portion  of  the  citric  acid  loses  water  and 
COj,  becoming  thereby  acetone  dicarboxylic  acid,  which  immediately 
splits  into  2CO,  and  acetone : 


CHrCO,H 

C\OH)COsH - 

t^COjH 


CH.CO,H 

! 

CCO,H  - 
<!:HrCO,H 

CHj.CO,H 

(!» 

d:H,.co,H 


CH.COjH 

->c.co 


CH, 

CH, 

->dx) 

<!:hs 


co 


>0 


CH, 

C.CO 

I  >0 

CH.CO 


CH, 

tcco 

CH.CO 


>0 


It  breaks  up  into  acetic  and  oxalic  acids  when  fused  with  caustic  pot 
ash,  and  by  oxidation  with  nitric  acid.  Acetone  dicarboxy.  -  •--- 
(p.  521)  is  produced  when  citric  acid  is  digested  with  coccen 
sulphuric  acid. 

•StjJir. — Being  a  tri basic  add  it  forms  three  series  of  salts,  and  also  two 
moco-  and  two  dinerent  dialkali  salts  (B.  26,  R.  6S7). 

The  c&JdiMJK  smH9  jCa,  —  is  precipitated  op  boiling- 

Esters  :  The  frimetJkrl  ester  melts  at  790  and  boils  at  176-  (16  mm  - 
TrvmHkyi  Aee$*citri*  £strr%  boiling  at  1710  (15  mm  ,  decompose?  7.  -_-rrr 

at  the  ordinary  pressure  into  acetic  acid  and  aconitic  ester  B.  iS,  I9>4  •  '"7  ^ 

MM,krt£rid*%  melting  at  i:i5  22,  0S4),  breaks  down  when  disused  si 
pressure  into  COt,  acetic  add  and  dtraconic  anhydride.  — 

C,H4(OH)(CX) .  XH, V  When  digested  with  hydrochl^^^^ ; 
add  it  is  condensed  to  f&r&szmu  (diorrpyridinc  carboxylic  add*  ^  •* 

831  ;  27,  R.  83), _  _ _ * _ _ ^  u  ^  obta^i 


Isocitric  Acid.  CO,H  .QCH,HOH\ .  CH(CO,H> .  CH, .  CO,H.  .  « 
from  acetosaccroic  ester  by  means  of  prussic  and  hydrocr-cric  *c*as-  ^  A- 
1; berated  from  its  salts  it  immediately  passes  into  a  j  -lactone  dicarboxy— 

*34. 38V  *  ,65-  (A 

Cmchonic  Acid,  bctenyl- <Coxy-«a3>  -tricarboxylic  lactone,  ®em5^ 

234.  >5  ;  B.  25,  R  004^,  is  produced  when  sodium  amalgam 
onkr  aod  or  3?  -pyridine  dicarboxylic  add.  When  healed  to  io5~ 
into  CO,  and  pyrocincboaic  anhydride  ,p.  466  : 

X - CH  =  C ,  COjH  O - CH* — CH 

— CH  =  CCO,H  ^  CO — CH. — CH .  CO,H 

OacboakAdd 


CH — CH  =  C .  COjH 
Cadioatraax  Acki 


CO.H 


CH, 


C.CO 


CH, 


532 


ORGANIC  CHEMISTRY. 


Ethylene  Dimalonic  Ester,  Butane  Tetracarboxylic  Ester 

CH2 .  CH(C02C2H5)2 

in,.  CHICO, C,HS»;  ,S  formed  t0gether  With  dicarboxylic  Kte[ 

when  ethylene  bromide  acts  upon  sodium  malonic  ester  (B.  19,  2038). 

See,  further,  trimethylene- 1. 1 -dicarboxylic  acid  and  hexamethylene-i.io  ,.tet 
carboxylic  ester.  ’  '*'•* ieira’ 

Alkyl  Butane  Tetracarboxylic  Ester,  B.  28,  R.  300,  464. 

Trimethylene  Dimalonic  Ester,  Pentane  -  Tetracarboxylic  Acid 

CH2<CH2 .  CH(C02C2H5)2’ 1S  formed>  together  with  tetramethylene  dicarboxylic 

es.er  (see  this)  in  the  action  of  trimethylene  bromide  upon  two  molecules  of  sodium 
malonic  ester.  See  also  hexamethylene-l.I-3.3-tetracarboxylic  ester. 

It  is  noteworthy  that  the  disodium  derivatives  of  the  alkylen  dimalonic  esters  are 
converted  by  the  action  of  bromine  or  iodine,  or  of  CH2I2  and  CH2Br.  CH2Br,  into 
cycloparaffin  tetracarboxylic  esters.  The  alkylen  dimalonic  acids  split  off  two  CO 
groups  and  yield  alkylen  diacetic  acids ;  so,  too,  the  cycloparaffin  tetracarboxylic 
acids,  obtained  from  the  alkylen  dimalonic  acids,  yield  cycloparaffin  dicarboxylic 
acids : 


cH2<CH(C02C2H5), 

CH(C02C2H5)2 
Methylene  Dimalonic  Acid 


CH2.CH(C02C2H5)2 

Ah2.CH(C02C2H6)  ' 

Ethylene  Dimalonic  Acid 


ch,<ch»-ch(co-c>h‘>' 

CH, .  CH(CO,C,H^7 
Trimethylene  Dimalonic  Acid 


C(C02C2H5)2 
Trimethylene  Tetracar¬ 
boxylic  Acid 

CH, .  C(CO,C,H,), 
CH,.C(CO,C,H6), 

Tetramethylene  Tetracar¬ 
boxylic  Acid 

.CH,<CH’<j(C°>C‘H!’i 
CH, .  C(CO,C,Hs),' 
Pentamethylene  Tetracar¬ 
boxylic  Acid 


CH  .  C02H 


-^ch2<  1 

CH .  C02H 

Trimethylene  Dicarbo: 
Acid. 

CH2 .  CH  .  C02H 


ch2.ch.co2ii 

Tetramethylene  Dicarboxylic 
Acid. 

ch2— ch.co2h 
-ch2<  2  I 

ch2— ch.co2h 

Pentamethylene  Dicarboxylic 
Acid. 


Sodium  and  ethyl  chloracetate  change  ethenyl  tricarboxylic  ester  into  the  ester  of 

Propane-a/?/3y-tetracarboxylic  Acid,  C(COaH),  <  £|j2  *  ,  Malondiacetic 

acid,  which  boils  with  slight  decomposition  at  295°  (200  mm.).  The  free  acid  is 
obtained  by  saponifying  the  ester.  It  melts  at  1510  and  decomposes  into  carbon 
dioxide  and  tricarballylic  acid. 

1  etracarboxylic  acids  are  formed  by  the  addition  of  sodium  malonic  and  sodium 
aUyl-malonic  esters  to  the  olefine  dicarboxylic  esters.  These  acids  lose  C02  an(l 
become  tricarballylic  acids  (p.  517)  (J.  pr.  Ch.  [2],  35,  349;  B.  24,  311;  24,  2889; 
20,  364). 


rvwr0,Pran,e'Ma/?y'tetracarboxylic  Ester>  (C02c2h5)2ch  .  CH(C02C2H5)  .  ch2- 

2  2^5'  foiling  at  203— 204°,  is  obtained  (i)  from  fumaric  ester  and  sod-malonic 
ester  (compare  ethidene  dimalonic  ester)  ;  (2)  from  monochlorsuccinic  ester  and 
sodium  malonic  ester  (B.  23,  3756;  24,  596).  Tricarballylic  acid  is  produced  when 
the  ester  is  saponified  with  alcoholic  potash. 

,  ®f]ane-^  tetracarboxylic  Acid,  CIL(C02H)CH(C02H)CH(C02H)CH3  -  - 
a  •  .  ’  mfb,nS  at  244°»  is  prepared  from  a-malon-tricarballylic  acid.  Its  ^ tan " 
hydride  melts  at  173°  (B.  26,  364;  28,  882). 
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B.  UNSATURATED  TETRACARBOXYLIC  ACIDS. 

C(C02C2H5)2 

Ethylene  or  Dicarbon-Tetracarboxylic  Ester,  II  ,  is  obtained  by 

C(C02C2H5)2 

letting  sodium  ethylate  act  upon  chlormalonic  ester,  and  by  the  action  of  iodine  upon 
disodium  malonic  ester  (B.  29,  1290).  It  melts  at  58°,  and  boils  at  3250. 

CH .  C02II 

Propylene-aa/?y-tetracarboxylic  Acid,  C7H608  =  C  /C02H  Its  ethyl 

f  J  r  .  ,  .  XCH(C02H)2. 

ester  is  tormed  from  brommaleic  ester  and  sodium  malonic  ester.  The  acid  contains 
two  mo  ecules  of  water  of  crystallization.  These  escape  at  loo°.  The  anhydrous 

145-150®  ^  I9I°’  With  decomPosition  int0  C02  and  pseudo-aconitic  acid  melting  at 
Propylene-aayy-tetracarboxylic  Ester,  CH(C02H)2 .  CH  :  C(C02C,HA,  di- 

°7  ^  ut^conic  ester,  results  from  the  interaction  of  sodium  malonic  ester  and 
cn  oroJorm  See  also  ethoxymethylene  malonic  ester  (p.  494).  When  saponified 
j-  ,  y  /ocWonc  acid  it  yields  glutaconic  acid.  Sodium  amalgam  converts  it  into 

•  ar  ox£  -gJutanc  ester-  It  splits  off  alcohol  and  then  condenses  to  6-lactone,  melt¬ 
ing  at  93°  (B.  22,  i4I9 ;  26,  R.  9) : 


c°2.C2H5.CH.C02.C2H3 

CH 

C02 .  C2H5 .  C .  COOC2H5 


—  c2h6oh 


C02C2H5 .  C= — C  —  OC2H5 


> 


I 

CH 


C02.C2H6.C 


O 

I 

-CO 


Pin!?6”  *S  beated  whh  caustic  potash  it  decomposes  into  formic  and  malonic  acids. 
Wh  anCT"/Cld  If  alSO  Produced  (P-  467)  (B.  27,  3061  ;  C.  1897,  I,  29,  229). 
and  n  ^ lames,  hydrazine,  and  hydroxylamine  act  upon  it,  malonic  ester  splits  off, 
yclic  derivatives  of  oxymethylene  malonic  acid  result  (p.  494). 

Ester’  (C02C2H5)2.C:C:C(C02C2H5)2,  from  di- 
um-  and  dichlormalonic  esters,  melts  at  94°  (B.  27,  3374). 


VII.  THE  PENTAHYDRIC  ALCOHOLS  OR  PEN¬ 
TITES  AND  THEIR  OXIDATION  PRODUCTS. 

1.  PENTAHYDRIC  ALCOHOLS,  PENTITES. 

One  of  these  occurs  in  nature ;  all  the  rest  have  been  obtained  by 
the  reduction  of  the  corresponding  aldopentoses  with  sodium  amalgam. 
Their  constitution  follows  from  that  of  the  aldopentoses  from  which 
they  have  been  prepared.  The  simplest  pentite,  C5H7(OH)5  =  CH2 

OH  .  CH(OH)  .  CH(OH)  .  CHOH  .  CH2OH,  can  have  five  theoretical 
modifications,  because  in  the  formula  two  asymmetric  carbon  atoms 
are  present,  and  they  are  separated  by  a  non-asymmetric  carbon  atom 
There  are  two  optically  active  modifications,  one  of  which  is  known  as 


534 


ORGANIC  CHEMISTRY. 


1-arabite.  There  is  also  an  inactive  modification,  produced  by  the 
union  of  the  preceding  forms,  and  which  can  be  split  into  them. 
Finally,  there  exist  two  optically  inactive  modifications  due  to  an 
intramolecular  compensation. 

These  can  not  be  resolved.  They  are  xylite  and  adonite.  The  pentites  are  oxi¬ 
dized  to  pentoses  by  bromine  and  soda  (B.  27, 2486).  Compare  p.  562  for  the  stereo¬ 
chemical  constitution  of  the  pentites. 

1.  1-Arabite,  C5H-(OH)5,  melting  at  102°,  is  laevorotatory  after  the  addition  of 
borax  to  its  aqueous  solution.  It  is  produced  by  the  reduction  of  ordinary  or  1-arabin- 
ose  (p.  536),  and  has  a  sweet  taste  (B.  24,  538,  1839  Anm.).  Benzalarabite  melts 
at  150°  (B.  27, 1535).  Diaoetone  Arabite  boils  at  145-1520  (23  mm.)  (B.  28,2533). 

2.  Xylite,  C5H.(OH)5,  is  syrup-like  and  optically  inactive.  It  results  from  the 
reduction  of  xylose  (p.  536,  B.  24,  538;  1839  Anm. ;  R.  567;  27,  2487). 

3.  Adonite,  C5H7(OH)5,  melts  at  102°  and  is  optically  inactive.  It  occurs  in 
Adonis  v emails,  and  is  produced  by  the  reduction  of  ribose  (p.  536  ;  B.  26,  633). 

Adonit-diformacetal  melts  at  1450  (B.  27,  1893). 

Adonit-diacetone  boils  at  150-155°  (17  mm.). 

4.  Rhamnite,  CHS .  C5H6(OH)5,  melting  at  1210  and  dextrorotatory,  results  from 
the  reduction  of  rhamnose  (p.  536;  B.  23,  3103). 


2.  TETRAOXYALDEHYDES,  ALDOPENTOSES. 


The  tetraoxyaldehydes,  the  first  oxidation  products  of  the  pentahy- 
dric  alcohols,  are  closely  related  to  the  pentaoxyaldehydes  or  aldohex- 
oses,  the  first  class  of  the  carbohydrates  in  the  more  restricted  sense, 
to  which  also  the  aldopentoses  are  very  similar  in  chemical  deportment. 
^  hereas  formerly  the  carbohydrates  occupied  a  special  position  in  the 
province  of  aliphatic  chemistry,  they  are  now  found  to  be  very  closely 
allied  to  simpler  classes  of  bodies.  All  aldehyde-  and  ketone-alcohols, 
which  can  be  regarded  as  the  first  oxidation  products  of  the  simplest 
representatives  of  the  polyhydric  alcohols,  contain,  like  the  carbohy¬ 
drates  in  a  narrower  sense,  not  only  carbon,  but  also  hydrogen  and 
oxygen  in  the  same  proportion  as  water,  e.  g.  : 


CHO  CHO 

ch2oh  c!hoh 

Glycolvl  CH2OH 

Aldehyde  Glycerose  Erythrose 

(Diose,C2H402)  (Triose,  C3H603)  (Tetrose,  C4H804) 


CHO 

[CHOH]2 

£h„oh 


CHO  CHO 

[d;HOH]j  [choh]4 

ch2oh  ch2oh 

Arabinose  glucose  n  \ 

(Pentose,  C&H10O5)  (Hexose,  CjH^Oe; 


The  simplest  carbohydrates  are,  therefore,  aldehyde-alcohols,  such 
as  those  just  mentioned,  or  ketone  alcohols — e.  g.,  fructose,  CH2OH 
CO  .  [CH  .  OH]jCH2  .  OH  (p.  551).  The  aldopentoses  show  the 
following  reactions  in  common  with  the  aldohexoses: 

1.  They  form  ethers  with  alcohols  in  the  presence  of  small  quanti¬ 
ties  of  hydrochloric  acid  (B.  28,  1156). 

1  a.  They  form  mercaptals  with  the  mercaptans  in  the  presence  of 
hydrochloric  acid  (B.  29,  547).  . 

2.  They  are  reduced  by  sodium  amalgam  to  alcohols  :  pentites . 
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3.  Nitric  acid  oxidizes  them  to  oxy carboxylic  acids :  Utraoxymono- 

and  trioxyduarboxylic  acids .  . 

4.  They  yield  osamines  with  methyl  alcoholic  ammonia  VB.  2S, 

J  5^  Hydrazine  converts  the  pentoses  into  aldasincs  (B.  29.  250S  . 

6.  Phenvlhvdrazine  changes  them  to  hydrazones  and  characterisnc 
dihydrazones :  os  a  zones. 

7.  They  yield  oximes  with  hydroxylamine. 

8.  Bv  successive  treatment  with  prussic  acid  and  hydrochloric  acid 
thev  pass  into  pentaoxvacids,  the  lactones  ot  which  may  be  reduced 
to  hexoses  (p.  564),  whereby  consequently  the  synthesis  oi  a  hexose 
from  a  corresponding  pentose  is  realized. 

9.  They  reduce  Fehling’s  solution. 

10.  They  combine  with  aldehydes,  particularly  with  chloral  and 
bromal. 

11.  They  unite  with  acetone  in  the  presence  of  traces  of  hydro¬ 
chloric  acid. 

However,  the  aldopentoses  are  (1)  not  fermented  by  yeast ;  (2) 
they  yield  furfurol  or  alkvl  furturols  when  they  are  distilled  with 
hydrochloric  acid  or  with  dilute  sulphuric  acid.  This  reaction  can 
be  applied  in  the  quantitative  determination  of  the  aldopentoses  (B. 
25,  2912).  (3)  When  they  are  heated  with  phloroglucin  and  hydro¬ 

chloric  acid  they  acquire  a  cherry-red  color  (B.  29,  1202). 

Formation. — Their  production  from  natural  products  will  be  indi¬ 
cated  under  the  individual  aldopentoses.  However,  a  reaction  will 
be  given  in  this  connection,  which  promises  to  afford  a  general  method 
for  the  conversion  of  aldohexoses  into  aldopentoses. 

On  treating  d-glucosoxime  (p.  55°)  "ith  acetic  anhydride  and 
sodium  acetate,  the  nitrile  of  pentacetylgluconic  acid  is  obtained. 
^  hen  this  is  treated  with  caustic  alkali,  and  then  with  hydrochloric 
acid,  it  gives  off  first  the  prussic  acid,  and  then  the  acetyl  groups,  in 
order  to  become  d-arabinose  (Wohl,  B.  26,  74°)  : 


CH  =  N(OH) 

h.c.oh 

HO.t.  H 
H.C.OH 
H.t.OH 

^HjOH 
d-Gl  ucosoxime 


CN 

HCO .  COCH, 

I 

CHj.COOCH 

HCO.  COCH, 
H<!x)  .  COCH, 

<!:Ht  .  O .  COCH, 

Nitrile  of  Pentacetvl 
Gluconic  Acid 


H.CO 

HO.i.H 
>  I 

H.C.OH 

H.C.OH 

CH, .  Oli 
d-Arabinose. 


d-Arabinose  is  the  first  aldopentose  prepared  synthetically,  as  d-glu- 
cose  (p.  553)  0:10  be  synthesized. 

The  aldopentoses  of  the  formula  CH,(OH)  .  CH  .  (OH) .  CH(OH) .  CH  .  OH  .  • 
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CHO,  containing  three  asymmetric  carbon  atoms,  can  appear  theoretically  in  eight 
optically  active  isomerides,  and  four  optically  active,  racemic  or  [d  -f  1]  modifica¬ 
tions  which  can  be  resolved  (p.  556). 

1.  Arabinose,  CH2(OH) .  (CH .  OH)3 .  CHO,  is  known  in  three  modifications: 
\-Arabinose,  pectinose,  melting  at  l6o°,  is  obtained  from  cherry  gum  on  boiling  with 
dilute  sulphuric  acid.  Sodium  amalgam  converts  it  into  arabite. 

It  is  dextro-rotatory,  and  reduces  Fehling’s  solution.  Oxidation  converts  it  into 
1-arabonic  acid  (p.  537),  and  I-trioxyglutaric  acid  (melting  at  1270).  Boiling  hydro¬ 
chloric  acid  converts  it  into  furfurol. 


Methyl-l-arabinosidey  C5H905 .  CH3,  melts  at  169-171°  (B.  26,  2407;  28,  1156). 
\- Arabinosazone,  C5H803(N2IICfiH5)2  (B.  24, 1840  Anm.),  melts  at  l6o°.  \-Arabinose- 
p-bromphenylhydrazone  melts  at  150-155°  (B.  27,  2490).  \- Arabinose- oxime  melts 

at  132-1330  (B.  26,  743).  Arabinosone,  see  B.  24,  1840  Anm.  Arabinose  Ethyl 
Mercaptal  melts  at  1250.  Arabinose  Ethylene  Mercaptal  melts  at  1540.  Arabinose 
Methylene  Mercaptal  melts  at  150°  (B.  29,  547)-  Arabinochloral :  a-form  melts  at 
1240,  the  /3-variety  at  183°.  Arabinobromal ,  C5H805 :  CH  .  CBr3,  melts  at  210°  (B. 
29,  R.  544).  Arabinose  Diacetone  melts  at  420  (B.  28,  1164). 

Arabinose  is  formed  by  the  breaking-down  of  d-glucosoxime ;  it  is  loevorotatory. 

Arabinosazone  melts  at  1600.  &- Arabinose -diacetamide ,  C5H10O4(NH  .  CO.  CH3)2, 
melts  at  187°. 

[d  + 1]  Arabinose  is  formed  by  the  union  of  the  two  optically  active  arabinoses. 
[d  -p  1] -Arabinosazone  melts  at  1660  (B.  27,  2491). 

2.  Xylose,  Wood  Sugar,  C4H-(OH)4 .  CHO,  is  obtained  by  boiling  wood-gum 
(beech-wood,  jute,  etc.)  with  dilute  acids  (B.  22,  1046;  23,  R.  15;  24,  1657).  It  is 
dextro-rotatory.  By  reduction  it  forms  xylite  (p.  534)  and  when  oxidized,  xylonic 
acid  (p.  537)  and  i-trioxyglutaric  acid  (m.  p.  152°).  Prussic  acid  converts  it 
into  1-gulonic  acid  (p.  566)  and  1-idonic  acid  (p.  567). 

Xylosazone  melts  at  l6o°.  [d-j-1]  Xylosazone  melts  with  decomposition  at 

2lo°-2l5°  (B.  27,  2488).  Methyl  Xyloside ,  C5H9Os .  CH3.  The  a-form  melts  at 
910,  and  the  /3-variety  at  156°  (B.  28,  1157).  Xylochloral  melts  at  1320  (B.  28, 
R.  148). 

3.  Lyxose  is  formed  by  the  reduction  of  the  lactone  of  lyxonic  acid  (p.  537)* 
Prussic  acid  converts  it  into  acids,  which  yield  mucic  acid  on  oxidation  (B.  29, 
584). 


4.  Ribose,  C4H5(OH)4 .  CHO,  is  obtained  from  1-arabinose,  by  oxidizing  the 
latter  to  1-arabonic  acid  (p.  5 3 7 ) »  then  rearranging  the  latter  to  ribonic  acid  (p. 

537)  by  heating  it  with  pyridine,  and  finally  reducing  the  ribonic  acid  (B.  24, 
4220). 

5.  Rhamnose,  or  Isodulcite,  CH3(CH  .  OH)4CHO  -f  H20,  melts  at  930  in 
anhydrous  form;  at  1 22-1 26°  when  crystallized  from  acetone.  It  is  dextrorotatory 
(B.  29,  R.  117,  34°)-  It  results  upon  decomposing  different  glucosides  (quercitrine, 
xanthorhamnine,  hesperidine)  with  dilute  sulphuric  acid.  Isodulcite  yields  a-methyl- 
turfurol  when  distilled  with  sulphuric  acid  (B.  22,  R.  751). 

It  7*^ds  rhamnite  upon  reduction,  and  by  oxidation  1-trioxyglutaric  acid  (m. 
p.  127  ).  CNH  and  hydrochloric  acid  convert  it  into  rhamnose  carboxylic  acid 

e^iWTt’  22’  ^02)‘  ^ts  oxltne  has  been  decomposed  into  methyl  tetrose  (p- 
5  )  (  29,  I  j7o).  Its  hydrazone  melts  at  1590  and  its  osazone  at  l8o°  (B- 

£l  2574b  Rhamnosidc,  C6H10O5  :  C3H6,  melts  at  90°  (B.  28,  1162). 

29  547)^  M(rcaptal^ melts  at  1^°-  Ethylene  Mercaptal  melts  at  1 69°  (B. 

nonic  acidhamn°Se  ^  bee°  obtained  by  the  reduction  of  the  lactone  of  isorham- 


obt7ainedhi?vTSe’  CHs[CH  •  OH]4CHO,  isomeric  with  rhamnose,  is  a  product 

with  WlmJw  eCOmP°i,ngT  chinovine>  occurring  in  varieties  of  quina  and  cinchona 
wnh  hydrochloric  acid  Its  bourne  melts  at  193-194°  (B.  26,  2417). 

varieties'!  t  d295’ ^ isomeric  with  rhamnose,  results  when  sea  weeds  (fucus 

varieties)  are  heated  with  dilute  sulphuric  acid. 
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3.  TETRAOXYMONOCARBOXYLIC  ACIDS. 

Acids  of  this  class  are  obtained  by  oxidizing  the  aldopentoses  with  bromine  water 
or  dilute  nitric  acid.  They  readily  pass  into  lactones,  some  of  which  yield  pentoses 
on  reduction.  Furthermore,  oxidation  changes  them  in  part  to  dicarboxylic  acids. 
Hydriodic  acid  reduces  some  of  them  to  lactones  of  the  monoxyparaffin  carboxylic 
acids.  All  the  known  acids  are  optically  active. 

Tetraoxy-n-valeric  acids ,  as  aldopentoses  with  an  equal  number  of  carbon  atoms, 
have  theoretically  eight  optically  active  forms,  three  of  which  are  known,  and  four 
[d  -j-  1]  modifications. 

1.  1-Arabonic  Acid,  CH2(OH)  .  (CH  .  OH)3 .  C02H,  is  obtained  from  1-arabi- 
nose  (B.  21,  3007).  When  liberated  from  its  salts  by  mineral  acids,  it  splits  off 
water  and  becomes  the  lactone  C5H805,  melting  at  95-98°.  Further  oxidation 
changes  it  to  trioxyglutaric  acid.  Its  phenylhydrazide  melts  at  215°  (B.  23,  2627  ; 
24,  4219).  When  it  is  heated  to  145°  with  pyridine  it  yields  along  with  pyromucic 
acid  some  of  the  isomeric — 

2.  Ribonic  Acid,  which  under  like  treatment  reverts  in  part  to  arabonic  acid. 
Its  lactone,  C5H805,  melts  at  72-76°  (B.  24,  4217).  Its  phenylhydrazide  melts  at 
162-164°.  Arabonic  and  ribonic  acids  are  lsevorotatory. 

3-  Xylonic  Acid,  obtained  from  xylose  by  bromine,  when  heated  with  pyridine 
yields — 

4-  Lyxonic  Acid,  the  lactone  of  which  melts  at  113°  (B.  29,  581).  See  further 
lyxose,  p.  536. 

5-  Rhamnonic  Acid,  from  rhamnose  and  bromine,  immediately  passes  into  its 
lactone,  C6H10O.,  melting  at  150-151°  (B.  23,  2992  ;  A.  271,  73).  When  heated  to 
150“  with  pyridine  it  changes  partly  to- 

6.  Isorhamnonic  Acid,  the  lactone  of  which  melts  at  150-152°,  and  when  oxi¬ 
dized  yields  xylotrioxyglutaric  acid  (B.  29,  1961).  See  also  isorhamnose,  p.  53^* 

7-  Saccharic  Acid  changes  into  Saccharin,  its  lactone  : 


CH2(OH)  .  CH(OH)  .  CH(OH) .  C(OH)<^JJ»H 

Saccharic  Acid 

CH2(OH)  .  CH  .  CH(OH)  .  C(OH)  .  CHS 
O - -CO 

Saccharin 


which  is  obtained  by  boiling  dextrose  and  lcevulose  (or  from  invert  sugar)  with  milk 
of  lime  (B.  15,  2954).  Saccharin  dissolves  with  difficulty  in  water  (in  18  parts),  forms 
large  crystals,  tastes  bitter,  melts  at  160°,  and  sublimes  without  decomposition.  It 
is  reduced  to  a  methyl-y-valerolactone,  or  ay-dimethyl  butyrolactone  when  heated 
with  hydriodic  acid  (A.  218,  373)-  . 

It  yields  a  phenylhydrazide  with  phenylhydrazine.  It  melts  at  165°. 

Isomerides  of  saccharin  :  . 

Isosaccharin, C6H10O5,  melting  at  95°,  when  heated  with  III  yields  ay-dimethyl- 
valerolactone. 

Metasaccharin,  C6H10O5,  melts  at  1420.  Hydriodic  acid  reduces  it  to  y-n- 
caprolactone  (p.  346). 

Both  isomerides  are  produced  when  milk  sugar  is  treated  with  lime  (B.  18,  631, 
2514;  26,  1651). 
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4.  TRIOXYDICARBOXYLIC  ACIDS. 

Tri-oxy-n-glutaric  Acids,  CO.H[CHOH]sCO;H,  can  theoreti¬ 
cally  exist  in  four  stereochemical  modifications,  corresponding  to  the 
four  pentites  (p.  533),  and  in  addition  in  an  inactive  form,  which  can 
be  decomposed. 

1-Trioxyglutaxic  Acid,  melting  at  1270,  corresponds  to  arabinose,  and  is  fined 
when  arabinose,  sorbinose,  and  rhamnose  are  oxidized  with  nitric  add  (B.  24,  4214; 
27,  383;  21,  3276).  . 

Xylotrioxygluia ric  Acid,  melting  at  152°,  is  produced  by  the  oxidation  of  mtctne 
xylose  and  corresponds  to  xylite  (p.  534). 

Ribotricxyglutaric  Acid,  resulting  from  the  oxidation  of  ribose,  inactive,  ready 
passes  into  an  inactive  lacionic  acid,  C5H#Ot,  melting  at  ijo-l/i3  (B.  24.  4222  .  it 
corresponds  to  adonite  (p.  534). 


Saccharon,  CsHsOs,  is  the  lactone  of  Saccharonic  Acid  : 


CO,H .  CH  .  CH(OH) .  C(OH)  .  CH, 

I  I 

OH  CO,H 

Saccharonic  Acid 


CO.H  .  CH .  CH(OH) .  C(OH) .  CH, 
O - CO 


Saccharon. 


Both  are  formed  when  saccharin  is  oxidized  by  nitric  acid  (A.  21S, 

363)* 

The  acid  is  quite  soluble  in  water.  It  forms  large  crystals.  In  the  desic«-  • 
when  heated  to  90°  it  breaks  up  into  water  and  its  1-lactone,  saccharon.  m  el  ting 
145-156°  (A.  218,  363).  On  boiling  with  HI  it  is  reduced  to  a-methyl  g'.utanc 
(P-  453)- 

Trioxyadipic  Acid,  C1H5(OH),<^12'  1650113  from  oxidation  of  «*** 

saccharin  (see  above)  with  dilute  HXO,  (B.  18,  1555).  It  melts  at  146'  with  cecom 
position.  Heated  with  HI  it  is  reduced  to  adipic  acid. 

5.  DIOXYKETONE  DICARBOXYLIC  ACIDS:  The 
boxylic  esters,  resulting  from  the  condensation  of  acetone  di carboxylic  esters 
aldehydes,  are  anhydrides  (like  ethvlene  oxide)  of  the  dioxvketone  dicarboxy-i'-  a--1-- 

CO.C!tV>CH.CH<gH: 

Dimethyl-tetrahydropyrone  Dicarboxylic  Ester.  CO^cH  -  CH^  h 

from  acetone  dicarboxylic  ester,  acetaldehyde,  and  hydrochloric  acid  (B-  29.  99* 
melts  at  1020.  ^^4 

6.  TRIKETONE  DICARBOXYLIC  ACIDS.  Acctmu  Diccra. csi  *-•  J* ^ 
Xamhochelidonic  Ester,  CO[CH, .  CO .  COsC,HJ,.  melting  at  103-104°.  » 

from  acetone,  oxalic  ester,  and  sodium  ethylate.  Hydrochloric  acid  convert? 

Cke&d*mic RsUr,  CO<££[  =  C>0  CO  aH*’  meldn§  at  63=-  50016  otbff 

‘  X  a  v  CH  _  C*H 

related  to  the  preceding,  can  also  be  derived  from  f  ”  cH'  * 
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7.  DIOXYTRICARBOXYLIC  ACIDS. 


TRIBASIC  ACIDS. 


Desoxalic  Acid,  C2H(0H)2(C02H)3,  is  a  deliquescent,  crystalline  mass.  Its 
tri-ethyl  ester ,  C5H3(C2H5)308,  results  from  the  action  of  sodium  amalgam  upon 
diethyl  oxalate.  It  melts  at  78°  and  boils  at  156°  (2  mm.).  When  its  aqueous  solu¬ 
tion  is  evaporated,  or  when  its  ester  is  heated  with  water  or  dilute  acids  to  loo°,  the 
acid  yields  carbon  dioxide  and  racemic  acid  : 


HO 

U  •  V^COjH 
CH  — 


HO 

Desoxalic  Acid 


C02H 


HO.CH  — C02H 
HO .  CH  —  COaH 

Racemic  Acid. 


+  co2 


Acid  radicals  can  be  substituted  for  the  two  hydroxyl  groups  of  the  desoxalic  ester 
Heated  with  hydriodic  acid,  desoxalic  acid  gives  off  carbon  dioxide,  and  is  reduced 
to  succinic  acid. 

Desoxalic  ester  and  phenylhydrazine  yield  phenylhydrazine  glyoxylic  ester,  while 
ROI9o8)0ma^0n^C  CSter  aD<^  glyCollic  ac’^  are  Pr0(iucts  with  hydroxylamine  (B.  29, 

Oxycitric  Acid,  C6H80g  =  C3H3(OH)2  .  (C02H)3,  dioxytricarballylic  acid,  accom- 
pames  aconitic,  tricarballylic,  and  citric  acids  in  beet  juice,  and  is  produced  by  boil- 
1078) °rc*tr*c  ac^  (from  aconitic  acid  and  ClOH)  with  alkalies  or  water  (B.  16, 

frnmirypr°Jpenyl  Tricarboxylic  Acid,  C6H808  =  CsH^OH^COjH),,,  results 
tne  oxidation  of  isosaccharin  with  nitric  acid.  It  is  a  thick  syrup.  At  loo°  it 
lo^s  carbon  dioxide,  and  forms  dioxyglutaric  acid,  CsH4(OH), .  (C03H)2,  which  is 
u  ro™  *he  dioxyglutaric  acid  obtained  from  glutaconic  acid  (B.  18,  2514). 

•  riodic  acid  and  phosphorus  convert  it  into  glutaric  acid,  C3H6(C02H)2. 


8.  MONOKETONE  TETRACARBOXYLIC  ACIDS. 

*  .  CO,C,H5  CO..H  co,c,h5  co2c2h5 

Acomtoxalic  Ester,  I,,.’  X  _ '  •  compare  p.  5.8. 

The  ammonium  salt  of  this  acid  is  found  when  ammonium  oxalacetic  ester  is  boiled 
with  alcohol  (B.  28,  790). 


9.  PENTACARBOXYLIC  ACIDS. 

.Propenyl  Pentacarboxylic  Acid,  C3H3(C02H5),  melts  at  149-150°.  It  is  ob- 
ained  from  its  ethyl  ester,  which  is  formed  by  the  action  of  sodium  malonic  ester 
upon  chlorethenyl  tricarboxylic  ester  (p.  517). 

r  ®u^ane  Pentacarboxylic  Ester,  C02C2H6  .  CH2  .  CH(C02C2H5)C(C02C2H5)2 
^li2.  CQ2  .  C2H5,  boiling  at  216-218°  (16  mm.),  is  obtained  from  chlorsuccinic  ester 
ftnd  sodium  ethenyl  tricarboxylic  ester. 

Higher  Polycarboxylic  Ethyl  Esters  have  been  obtained  from  sodium  propane  penta¬ 
carboxylic  esters  with  chlormalonic  esters  and  chlorpentane  pentacarboxylic  ester : 

Putane  Heptacarboxylic  Ester ,  C4H3(C02C2H5)7,  boils  at  280-285°  (130  mm.). 

Hexane  Decacarboxylic  Ester ,  C6H4(CO2C2H5)10,  is  a  yellow  oil.  ' 

Octa  n-tesser*aka  ideca  -  carboxylic  Ester, C8I14(C02C2H5)14,  the  highest  known  car¬ 
boxylic  ester,  is  a  thick  oil,  and  results  when  chlorbutane  heptacarboxylic  ester  act* 
upon  sodium  butane  heptacarboxylic  ester  (B.  21,  2111), 
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VIII.  HEXA-  AND  POLYHYDRIC  ALCOHOLS  AMn 
THEIR  OXIDATION  PRODUCTS.  ’  ND 

i  A.  HEXAHYDRIC  ALCOHOLS,  HEXAOXYPARAFFINS 

HEXITES. 

I  lie  hexahydric  alcohols  approach  the  first  class  of  sugars  (p  C72V- 
he  glucoses  very  closely.  They  resemble  them  in  properties '  They 
have  a  very  sweet  taste,  but  they  do  not  reduce  an  alkaline  copper 
solution,  and  are  not  fermented  by  yeast.  5-Mannitol,  5-sorbitol,  and 
dulcitol  occur  in  nature.  These  three  and  certain  hexites  have  been 
prepared  by  the  reduction  of  the  corresponding  glucoses— aldo-  and 
keto-hexoses— with  sodium  amalgam.  Moderate  oxidation  converts 
,  1“to  glucoses.  The  compounds  which  the  hexites  yield  with 
f  u  j  ' eS>,  fsP?c*a^/  f°rmaldehyde  and  benzaldehyde,  in  the  presence 
ot  hydrochloric  acid  or  sulphuric  acid,  or  with  acetone  and  hydro¬ 
chloric  acid,  are  characteristic  of  them  (A.  280,  20;  B.  27,  i«i; 
28,  2531).  y’  />  m  > 

I  he  simplest  hexites  with  six  carbon  atoms  contain  four  asymmetric 
carbon  atoms  in  the  molecule.  According  to  the  theory  of  van ’t  Hoff 

and  Le  Bel,  10  simple  spacial  isomeric  forms  are  possible  for  such  a 
compound. 

1.  Mannitol  or  Mannite,  CHaOH[CH  .  OH]4CH,OH,  exists  in 
three  modifications :  dextro-,  laevo-,  and  inactive  mannitol ;  the  latter 
is  identical  with  the  a-acnte  made  from  synthetic  a-acrose  or  [d  -f-  1] 
fructose.  It  is  the  starting-out  material  for  the  synthesis  of  numerous 
derivatives  of  the  mannite  series  (B.  23,  373),  and  also  of  grape-sugar 
(P-  548)  and  of  fruit-sugar  (p.  551),  as  will  be  more  fully  explained 
under  these  bodies.  T.  he  ordinary,  or  d-mannitol,  occurs  rather  fre¬ 
quently  in  plants  and  in  the  manna-ash  (J?raxinus  ornus),  the  dried  sap 
of  which  is  ?nanna.  It  is  obtained  from  the  latter  by  extraction  with 
alcohol  and  allowing  the  solution  to  crystallize.  It  is  produced  in  the 
mucous  fermentation  of  the  different  varieties  of  sugar,  and  may  be 
artificially  prepared  by  the  action  of  sodium  amalgam  upon  d-mannose 
and  fruit-sugar,  or  d-fructose  (B.  17,  227). 

Mannitol  crystallizes  from  alcohol  in  delicate  needles,  and  from 
water  in  large  rhombic  prisms.  It  possesses  a  very  sweet  taste  and 
melts  at  1660.  Its  solution  is  dextro-rotatory  in  the  presence  of 
borax.  When  oxidized  with  care,  it  yields  fruit-sugar  (called  manni- 
tose,  B.  20,  831),  and  d-mannose  (B.  21,  1805).  Nitric  acid  oxi¬ 
dizes  mannitol  to  d-mannosaccharic  acid  (B.  24,  R.  763  ;  p.  5^9^ 
erythritic  acid,  and  oxalic  acid.  Hydriodic  acid  converts  it  into 
hexyl  iodide. 

W  hen  mannitol  is  heated  to  200°  it  loses  water  and  forms  the  anhydrides.  Map' 
nitan,  C6H12Os,  and  Mannidey  C6H10O4.  The  latter  is  also  obtained  by  distill**1# 
mannitol  in  a  vacuum.  It  melts  at  87°  and  boils  at  176°  (30  mm.). 
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(OH)j.isknowD  iruhree'modifiVarions^d^mannohep^Ue^l-manm^iepU^ajId6^^! 

mannoheptite.  The  d-mannoheptite  or  perseite  occurs  in  Laurus  1"  1 

obtained,  like  the  other  two  modifications,  by  the  reduction  of  the^oiSnS  “ 
mannoheptoses  (B  23,  936,  2231).  The  [d  +  1]  mannoheptite  is  fomKen 
equal  quantities  of  d-  and  1-mannoheptite  are  mixed  (A.  272,  189).  Hvdriodic  acid 
reduces  it  to  hexahydrotoluene  (B.  25,  R.  503).  '  c  acid 

d-  and  1-Mannoheptite  melt  at  187°,  and  are  optically  active.  M  4- 11  Manno¬ 
heptite  melts  at  203°.  1  ~  J 

n-Glucoheptite,  CHsOH(CHOH)5CH2OH,  is  obtained  from  a-glucoheptose.  It 
melts  at  127-12S0  (p.  553 ;  A.  270,  81).  Triacetone-a-glucoheptite ,  CH10O.i  C,Ha 
boils  at  200°  (24  mm.)  (B.  28,  2534).  4  10  *  ^  6  * 

C^HjgOj,  melts  at  183°.  It  is  obtained  from  a-galaheptose  (p. 


Anhydro-enneaheptite,  C^HjgOg,  melting  at  156°,  is  formed  from  aeton  and 
formaldehyde  with  lime  and  water.  It  is  an  anhydride  of  the  heptahvdric  alcohol 
[CHjOH]s  :  C .  CH(OH)C  :  [CH2OH],  (B  27,  10S9;  A.  289.  46). 

I  oltmiU)  C6H2(OH)7,  melting  at  149-15 1°,  is  found  in  Lactarius  vcltmus  { B. 

28<  *973)- 

1  c  OCTAHYDRIC  ALCOHOLS:  a-Gluco-octite,  CH,OH[CH . 0H]g.- 
CHj  .  OH,  is  obtained  from  o-gluco-octose  (p.  553,  A.  270,  9S),  and  melts  at  I4l3* 
d-Manno-octite,  CHjOH[CHOH]6CH2OH,  from  manno-octose,  melts  at  25s3. 
It  dissolves  with  difficulty  in  water. 

1  D.  NONO-HYDRIC  ALCOHOLS:  Glucononite,  0,1^0*.  melting  at 
I94°>  is  obtained  from  glucononose  (A.  270,  107). 


2  and  3.  PENTA-,  HEXA-,  HEPTA-,  AND  OCTO-OXY- 
ALDEHYDES  AND  KETONES. 


The  long-known  representatives  of  the  first  class  of  carbohydrates. 
\Nhich  are  produced  by  hydrolysis  from  the  more  complex  car,^ 
hydrates,  the  so-called  saccharobioses  (p.  573),  like  cane-sugar, 
maltose,  and  milk-sugar,  and  from  the  polysaccharides. — e-  g-t  starc  ’ 
extrine,  cellulose,  and  others, — are  penta-oxyaldehvdes  and  {x  .  -1 
oxyketones.  The  most  important  sugar  of  the  first  clak  is  grape-sugar, 
ormed  together  with  fruit-sugar  by  the  hvdrolvsis  of  cane-sugar, 
also  occurs  as  the  final  product  of  the  hydrolysis  of  starch  and  ot 
1  extrine.  In  this  connection  it  may  be  mentioned  that  grape->Jra 
and  fruit-sugar  have  already  been  noticed  with  ethyl  alcohol,  an 
m  connection  with  its  formation  by  alcoholic  fermentation. 


tain'ehicoses^ttf  ^aractervof  bodies  is  inferred  from  the  ready  oxidation  of  ^ 
Zincke  1 1  SSol  w  no?oc^^ox>'Jic  acids,  and  their  reduction  to  hexahydnc  >-  ^ 

products  nrov^  tw  C  e  K,bani,  in  18S5,  investigating  the  r  i;l. 

sugar  as  l  ketone  •lcS3*TfS[  r?*rded  dS  ahieh^e  ale oho 

The  same  chemist  nkn  -u  ,n  *  u  ,s  customary  to  distinguish  a.J<'SfS  .u  ^ 
laid  the  S  etentn" a"*inoSe  •"  ‘^opentose.  and  »  *  £  ; 
method  of  synthesj  hTt^  h?  ,de1?f  What  was  Uck'"^, 

hyde  (p  5*2}  but  it  w<ic  i?  A-'  ^ugar-like  bodies  had  been  obtained  from  ^ 
y  tp-  552),  out  ,t  uas  E.  Fischer  who  first  demonstrated  that  a  denn.te,  ^ 
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orCalkaHes8lUCOSideS  SpUt  int° thdr  ts  by  ferments,  acids 

\  a /r  ^  *429)>  or  by  boiling  them  with  dilute  an'rlc  /  \ 

d-Manntrse  and  fruit-sugar  or  d-fructose  have  been  made  anificiif 

\n  the  f1Z111^-.  ~mai]nite.  (3)  A  far  more  important  method  pursued 

(their  a™oan^nwhh  soH  S  ^  ‘°  reduCe  the  ra<:-nocarboxylic  acids 
«  oaot  r^  nTff  H  °d‘Um  a,'"a!sam  ■>»  a«d  solution  (E.  Fischer,  B. 
or  rH3_j_  n  f  Dlffcrent  optically  inactive  hexoses,  particularly  a-acrose 

densation  nfT t°Se.  (p*.  552),  have  been  directly  synthesized  by  the  con- 
densauon  of  formic  aldehyde,  CH,0,  and  glyceric  aldehyde. 

fruit.sugafry(thesem«hTdtthe  CO“Plet'  SymheSiS  of  grape-sugar  and 

Properties.  I  he  hexoses  are  mostly  crystalline  substances,  very 
soluble  in  water,  but  dissolving  with  difficulty  in  alcohol.  They  pos¬ 
sess  a  sweet  taste.  1  he  representatives  of  the  hexoses  occurring  in 
na  ure  rotate  the  plane  of  polarization,  when  in  solution,  either  to  the 
e  or  to  the  right.  1  he  image  isomerides  of  the  more  important 
lexoses  found  in  nature  have  been  prepared  artificially,  and  by  the 
union  of  the  corresponding  dextro-  and  laevo-forms  the  optically  in¬ 
active  [d  +  1]  varieties  have  been  obtained.  One  of  these,  [d  +  1] 
thesi°ed  ^  a  acrose’  ^as  heen,  as  previously  mentioned,  directly  syn- 


Transformations.  The  hexoses  show  the  common  reactions  of  the 
alcohols,  the  aldehydes,  and  the  ketones. 

(1)  The  alcoholic  hydrogen  of  the  glucoses  can  also  be  replaced  by 
metals  on  treating  them  with  CaO,  BaO,  and  PbO,  forming  saccha- 
rates,  which  correspond  to  the  alcoholates,  and  which  are  again  de¬ 
composed  by  carbon  dioxide. 

(2)  On  treating  the  alcoholic  solutions  of  the  hexoses  with  a  little 
gaseous  hydrochloric  acid,  their  ethers  result :  glucosides  of  the  alcohols 
(B.  26,  2400;  29,  2927). 

(3)  The  hexoses  combine  with  aldehydes,  particularly  with  chloral, 
and  with  ketones,  in  the  presence  of  inorganic  acids.  An  exit  of  water 
occurs  (B.  28,  2496). 

(4)  The  hydrogen  of  the  hydroxyls  can  be  readily  replaced  by  acid 
radicals.  The  mixture  of  nitric  and  sulphuric  acids  (p.  303)  converts 
them  into  esters  of  nitric  acid — the  nitro-compounds  (p.  473^  f  lie 
acetyl  esters  are  best  obtained  by  heating  them  with  acetic  anhydride 
and  sodium  acetate  (or  ZnCl2).  Five  acetyl  groups  are  thus  intro¬ 
duced  (B.  22,  2207).  The  benzoyl  esters  are  prepared  with  even  less 
difficulty,  it  being  only  necessary  to  shake  the  hexoses  with  benzoyl 
chloride  and  caustic  soda  (p.  304).  Pentabenzoyl  derivatives  aie 
then  formed  (B.  22,  R.  668;  24,  R.  971). 


An  elementary  analysis  will  not  yield  a  positive  conclusion  as  to  the  number  of 
acidyls  that  have  entered  compounds  like  those  just  mentioned.  This  is  ascertained 
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"27  ® i-2  uin^n  scC^Does.  tx.  bci^r.  wix  — sp^~.;  3. 

22. 1551  •-  ocszc.  sscjr?  lt;  oeccciptsei  by  oofiag  taea.  — ~  — " — ■«  g”-. — -  - 

kzL  The  aoedcadi  dot  oEsors  is  Aea  tinned  A.  220.  ui*:  B_  *3.  f 

rra=ct  e x hjdbuajl  33  ±e  giuccses  =125  slsc  be  —it:  rv  — of  'ocrio- 
:tei2z*  wrb  rack  tuey  fan  caraw.TV-  esrers  B.  i8.‘  aocc  ).  * 

f  _A -iy.-Bi-r  izric  aracs  resz  :  zzrjz.  tr^-s.- — g  be  ^hnn  Tii  jbcrsctico: 
oLCH^C^.  Tbs  ii  n  r  to  — e  tebirttr  os'  tyrn-ii  wist  erresef  to  trert- 
=e=  A  17,  2457). 

TiiS  :  iLiOwicg  reactions  show  tie  oZdexxdc  arc  ketene  chuscctcr  of 
tie  hexuses: 

(1  By  redaction  action  of  sodium  tber  become  hexa- 

ty-r.c  alcc-aols.  d-Mastnose  and  d-Sroctose  yield  d-mannitol,  gaiac- 
-y^  yens  dolotol,  and  d-sorbite  seems  to  result  from  tie  redocrioo 
d-glacose  grape-sugar  j>. 

1)  iae  oxidation  of  the  bexoees  does  not  occtrr  directly  upon 
^P’csore  to  the  air.  Oxidizing  agents  are  necessary.  Hence  they 
®ow  feebie  reducing  power.  They  precipitate  the  noble  metals  from 
soc^mcj  of  their  salts,  and  even  reduce  ammoniacal  siioer  solutions  in 
*  co*d-  A  very  marked  characteristic  is  their  ability  to  precipitate 
^-^ertsexide  from  warm  alkaline  cupric  solutions  (this  is  accelerated 
hytartartc  acid).  One  molecule  of  bexose  precipitates  about  five 
atttts  of  copper,  as  CmO.  This  is  the  basis  of  the  volumetric  method 
the  estimation  of  the  glucoses  by  means  of  Fehiing’s  solution, 
and  milk-sugar,  of  the  di-  and  polysaccharides,  only  act 
directly  upon  the  application  of  beat.  The  others  must  be  first  con- 
Tened  into  glucoses  (p.  573). 

To  prepsr*;  Feb’ing's  soirnkm,  disscdrc  34.65  grssis  of  u  Mii'ig-i  copper 5=1  abate 
—  T^y,tisea  add  200  grsms  Rocbek  salt  cd  600  c  an.  of  Xa OH  sp.  gr.  r.irocV, 
lE-rf:  ’.be  itecDoa  to  1  litre.  0.05  gram  bexose  is  required  to  coarpietely  recaoe 
IO  c.c.  of  this  liquid.  The  end  reaction  is  rather  ditacult  to  recognise,  hence  it  is 
recotr. tended  to  estimate  the  separated  cuprons  oxide  gTarimeokally  (B. 

T3-  826;  27.  R_  607,  760;  29.  R-  8o2>.  Consult  B.  23.  1035.  for  Soldainrs  sog- 
of  nssng  a  copper  carnocate  soiorioa  for  the  esriasanoe  of  the  hexoses. 

The  hexoses  are  converted  into  their  corresponding  monocarboxylic 
acids  (p.  564)  by  moderated  oxidation  with  chlorine  and  bromine 
»ater,  or  'silver  oxide.  More  energetic  oxidation  changes  them  (as 
well  as  nearlv  all  carbohydrates')  to  saccharic  or  made  acids.  Milk- 
segar  yields  both  acids  at  the  same  time. 

The  al^obexoses  produce  a  red  coloratioo  in  a  solphite-fachsine  solution,  while  the 
ddoketoces  like  fructose  and  sorbinose,  do  not  show  this  reaction  B.  27,  R.  674V 
The  pST.ia-Lcetrl  and  pentabenxoyl  deriratiTes  of  the  dextroses  and  galactoses  no 
longer  show  zhe  aldehvde  character  (B.  21..2S42 ;  22.  R.  669).  Hence,  it  was  sop- 
posed  that  the  hexoses' possessed  a  constitution  like  ethylene  oxide  or  a  lactone  (B.  22, 

2211 ;  21,  2841 ;  23,  2114;  *®.  2403  ;  28.  3080). 

(^)  The  aldoses  yield  mercaptals  with  mercaptans,  in  the  presence 

of  hydrochloric  acid  (B.  27,  673). 

(4)  Oximes  are  produced  when  alcoholic  hydroxylamine  acts  upon 
the  "hexoses.  To  break  down  the  aldoses  the  acetyl  oxyacid  nitriles, 

4® 
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Pn“iC  ***  and  535)'(Ba^d993e;’  730*! 

”*  fc™ed  'h'“  «■*  ■*»«  «  «ed  „p„„  **  attb},  ^ 

^^seaamde^a^OHr^H^’Hl  CH  “^r^,T'?Vyidd  anilides-,.*, 

_  4  L'"n*UHJ«CH:  which  form  cyanides  wr^CVH 

;/  ,Ha7^XtrOSe'C7anide’  CHlOH[CH  •  0H^  •  CHCxhC  H.  <B  27, 128; 
k^7^)™^^10865  int°  a,d^’  “d  ^Stohexoses  ioo 

i o 27 4  Jbe,^nylJ1/dra2ine ,  derivatives  are  especially  interesting  (pp. 
allowed  'tnxr-i  tk i>De  molfcule  of  the  phenylhydrazine  (acetate)  is 
\H  ?rR  Vkhe  ^  Product  wil1  be*  hydrazone,  QHuO# .  (X .  - 
V*  ^  r1^  class  of  comjxmnds  dissolves  readily  in  water  (with 
; 7C  e_ICpptlOD  of  those  drived  from  the  mannoses  and  the  higher  gln- 
"  ,  2 1 XS).  They  generally  crystallize  from  hot  alcohol  in 

-»  oraess  needles.  Cold  concentrated  hydrochloric  acid  resolves  them 
;r  tneir  components.  Benzaldehyde  is  also  an  excellent  reagent  for 
t~e  -£compo=:tion  of  the  phenylhydrazones  (A.  288.  140). 

r  often  produces  diphenvlhydrazones,  C,HU- 

ui:  1  (B.  23,  2619). 

In  «.he  presence  o*  an  excess  of  phenylhydrazine  the  hexoses,  like  all 
giVcoses,  combine  with  two  molecules  of  it  upon  application  of  beat 
and  form  the  osazones  (E.  Fischer) : 


^Hk°«  +  2HjN .  NH .  C,Hs  =  QHu04  N .  XH  .  C,HS),  +  2H/J 

Qfiwunar 


H,. 


" r^sctkm  is  earned  out  adding  two  parts  of  phenyl  hydrazine,  two  part^of 
^0%  sctiic  aod,  arid  about  twenty  parts  of  water  to  one  part  of  glucose.  This 
n-iz  is  digested  tor  about  one  boor  upon  the  water  bath.  The  osazone  then  sep- 
sr*L*es  tn  a  crystalline  form  (B.  17,579;  20,  821;  23,  2117)-  In  this  reaction  3 
ay crazote  is  fast  produced,  and  one  of  its  alcohol  groups,  adjacent  to  either  an 
ayde  or  ketone  greep,  is  oxidized  to  CO  (inasmuch  as  two  hydrogen  atoms  in  t^e 
presence  of  pfaeoy .r-ydrazine  produce  aniline  and  ammonia  ,  which  then  acts 

a  second  molecule  of  phenvliiTdrazme.  and  the  same  glucosazone.  2 

(OH)  -  CH  .  OH),  .  QX,H  .  CtHs| .  CH(X,H  .  C,H5  (see  B  23,  211&),  » 
ootained  tixxn  d-mannese,  d- glucose,  and  d -fructose-  This  would  indicate  taat  *  , 
cartx^i  atesns  which  did  not  enter  into  reaction  with  phenylhydrazine  coaiim 
or  groeps  of  atoms  with  which  they  are  combined  similarly  arranged.  ^ 

The  osazones  are  yel low-colored  compounds  <see  tartrazine,  p.  S2^-*  .  ^ Strife 

kso^hiC  in  water,  dissolve  with  difficulty  in  alcohol,  and  crwl^ 
rea_y.  g.ocosazone  is  reduced  with  zinc  dust  and  acetic  acid  h  become*  ^ 

p.  552  4.  XitTCWLS  acid  converts  the  latter  into  fructose  (B, 
i  ne  reformation  of  the  hexoses  from  their  osazooes  is  readdy  enecte^  bv  ix_zlDC 
witb  conceritrated  hydrochloric  ^<1  ;  the?  are  then  resolved  into  pbeny^J^* 
aa-  the  ososes  fB.  22,  88;  23,  2120) : 

-  C,H5)t  -f  2H.O  = 

GfaKoama 

CH/OH) .  (CH .  OH, L .  CO .  COH  +  2X,H,  C,H*. 

G.poqmbc. 


548 


ORGANIC  CHEMISTRY. 


The  active  agents  are  little,  wand-like  organisms  (bacteria  and  micrococci) 
Decaying  albuminous  matter  (decaying  cheese)  is  requisite  for  their  development 
and  it  only  proceeds  in  liquids  which  are  not  too  acid  (p.  335).  The  temperature 
most  favorable  varies  from  30-50°.  By  prolonged  fermentation  the  lactates  suffer 
butyric  fermentation;  this  is  owing  to  the  appearance  of  other  bacilli  (p.  247)  • 
2C3H603  =  C4H80,  +  2CO,  +  2H2. 

3.  In  mucous  fermentation  chain-like  cells  (of  o.ooi  mm.  diameter)  appear. 
These  convert  grape-sugar,  with  evolution  of  carbon  dioxide,  into  a  mucous,  gummy 
substance  ;  mannitol  and  lactic  acid  are  formed  at  the  same  time. 


2  A.  ALDOHEXOSES. 

(1)  Mannose,  QH^Oe,  is  the  aldehyde  of  mannitol.  Like  the 
latter,  it  exists  in  three  forms  (p.  540)  :  dextro-,  laevo-,  and  inactive 
[d  -f-  1]  mannose  (spacial  formulas,  p.  558 ;  constitution,  p.  561). 

d-Mannose ,  Seminose ,  melting  at  136°,  was  first  prepared  by  oxidizing  ordinary 
d-mannitol  (together  with  d-fructose)  with  platinum  black  or  nitric  acid  (B.  22,  365). 
It  is  also  obtained  from  salep  mucus,  and  most  easily  from  seminine  (reserve-cellulose), 
occurring  in  different  plant  seeds,  when  this  is  boiled  with  dilute  sulphuric  acic 

(hence  called  seminose)  (B.  22,  609,3218).  d-Mannonic  acid  yields  it  upon  redne 

tion.  It  reduces  Fehling’s  solution,  and  is  fermented  by  yeast  (B.  22,  3223)*  '  ^ n 
treated  with  alkalies  it  changes  partly  to  d-glucose  and  d-fructose  (B.  28,  307~)*  s 
hydrazone  dissolves  with  difficulty  in  water,  and  melts  at  195°-  Benzalde  \ 
decomposes  it  into  pure  crystallized  d-mannose  (B.  29,  R.  913)-  Its  osazone ,  g  jo 
04(N2H  .  C6H5)2,  is  identical  with  d-glucosazone.  d -Mannosoxime  melts  at  1*4 
24,  699).  Nascent  hydrogen  converts  it  into  d  mannitol.  Bromine  oxidizes 
d-mannonic  acid.  Hydrocyanic  acid  causes  it  to  pass  into  d-mannoheptonic 

(p.  567). 

Methyl-d- Mannoside ,  C6Hu06.  CH3,  melts  at  190°,  [a]2^  =  +  79-2°  (B>  29’ 

2928).  \ 
d- Mannose-ethylene  Mercaptal ,  C6H1205  :  S2C2H4,  melts  at  153°  ^  ^ 

1-Mannose  results  when  1-mannonic  acid  (its  lactone)  is  reduced  (p.  5  ^  js  fer- 
373).  It  is  very  similar  to  the  preceding  compound,  but  is  laevo-rotatory,  al  meits 
mented  with  more  difficulty.  Its  hydrazone  also  dissolves  with  difticu  5^*,  *  saz0ne 
at  1950.  It  unites  with  two  molecules  of  phenylhydrazine  to  form  "P\l  ejts  at 
(see  below).  It  becomes  1-mannitol  by  reduction.  Methyl-l-mannosi 

»90°;  [«]  *?  =  -79-4°  (B.  29,2929).  r  .  r  1  1  n  mannitol 

[d  1]  Mannose  is  formed  (1)  by  the  oxidation  of  a-acrite  or  La  ^  Td  + 

(p.  541),  which  can  be  obtained  by  the  reduction  of  synthetic  a-acrose  gimilar 
fructose;  (2)  by  the  reduction  of  inactive  [d  +  1]  mannonic  acid,  it  is jves  with 
to  the  two  preceding  compounds,  but  is  inactive.  Its  hydrazone  (.^ssntjcai  with 
difficulty,  melts  at  19S0,  and  is  inactive.  Its  osazone  is  i-glucosazone,  1  e  j  mannose 
a-acrosazone.  Yeast  decomposes  it,  the  d-mannose  is  fermented,  an  Stained 
remains  (B.  23,  382).  Methyl  [d  +  1]  mannoside ,  melting  at  105  >  go  the 

from  the  solution  of  equal  quantities  of  its  components  at  15  •  D 
components  crystallize  out  separately  (B.  29,  2929). 

(2)  Glucose,  C6H1206,  is  probably  the  aldehyde  of  sorbite, 
occurs  as  dextro-,  laevo-,  and  inactive  [d  +  1]  glucose  (p-  555>o£;curS 
d-Glucose,  or  Grape  Sugar,  formerly  called  dextrose ,  ^  jn 

(always  with  fruit  sugar)  in  many  sweet  fruits  and  in  honey,  Qtn. 

the  urine  in  Diabetes  mellitus.  It  is  formed  by  the  hydrolytic  cQ< 

position  of  poly-saccharides  (cane  sugar,  starch,  cellulose)  and  y 
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Alkyl-d-glucosides. — The  glucosides  are  the  ethereal  derivatives  of  the  eh 
Those  of  grape  sugar  particularly  are  frequently  found  in  the  vegetable  km 
They  generally  contain  the  residues  of  aromatic  bodies,  and  therefore  will  |!^  °p!' 
cussed  later.  The  simplest  glucosides  are  the  alkyl  ethers  of  the  sugars,  which  ■  '*' 
produced  in  the  action  of  HC1  upon  alcoholic  sugar  solutions  ( H.  28,  nzu 
Fehling's  solution  and  phenylhydrazine  at  loo0  do  not  affect  the  alkyl-d-glucosides 
However,  they  are  decomposed  into  their  components  when  boiled  with  dilute  acids 
These  properties  argue  for  the  alkylen-oxide  formulas  for  the  alkyl  glucosides  H 
28,  3081),  e.g.: 


OR 

/ 

CH\. 

[c!h.oh]5>o 

C^HOH 

C^HjOH 


OR 

CH^ 

iH>° 

[CHOH]8 

t^HjOH 


a-  and  (3  Methyl  Glucoside,  C6Hn06.CH3,  meeting  at  165°  and  107°,  differ 
stereochemically.  They  are  simultaneously  formed  in  the  action  of  hydrochloric  acid 
and  methyl  alcohol  upon  grape  sugar.  The  a-body  is  decomposed  by  invertin,  but 
this  is  not  the  case  with  the  /?- compound  (B.  27,  R.  885 ;  27,  2479,  29$5  ;  28,  1145). 

d  Glucose  Mercaptal,  C6H1206(SC2H6)2,  melting  at  1270,  is  obtained  from 
d-glucose,  mercaptan,  and  HC1.  d-Glucose-ethylene  Mercaptal,  C6I11205  :  SjGj- 
H4,  melts  at  1430.  d-Glucose-trimethylene  Mercaptal,  C6H12Os:  S2C3H6,  melts 
at  130°.  d-Glucosebenzyl  Mercaptal,  C6H1205(SCH2 .  C6H5)2,  melts  at  1330  (B. 
29,  547). 


d-Glucose  Monacetone,  C6H10O6  :  C(CH3)2,  melts  at  156°. 
d  Glucose  Diacetone,  C6H806[C(CH3)2]2,  melts  at  107°  (B.  28,  2496). 
d-Chloralose,  melting  at  189°,  and  d-Parachloralose,  C8H12Cl3Og,  melting  at 
2270,  are  two  isomeric  bodies,  produced  by  the  rearrangement  of  d-glucose  with 
chloral  (B.  27,  R.  471 ;  29,  R.  177).  . 

d-Acetochlorhydrose,  C6H70(0C0CH3)4C1,  results  on  heating  d-glucose  with 
acetyl  chloride,  and  has  been  employed  in  the  synthesis  of  d-glucosides. 

d-Glucosoxime,  C6H1205N0H,  melting  at  1370,  when  acted  upon  with  acetic 
anhydride  and  sodium  acetate,  yields  pentacetyl-d-glucono-nitrile  (p.  5^)»  ^!n 
which  d-arabinose  was  isolated  (p.  536).  These  are  reactions  which  render  possib  e 
the  breaking-down  of  the  aldoses. 

d-  Glucose-amido-guanidine  Chloride ,  C6H1205  .  CN4H4  .  HC1,  melting  at  165°,  is 
obtained  from  d-glucose  and  amido-guanidine  chlorhydrate  (B.  27,  971)-  _TI  . 

d-Glucose-aldazine ,  CH2OH[CH  .  OH]4CH  :  N— N  :  CH[CH  .  OHJ4CH2OH,  is 
very  hygroscopic  (B.  29,  2308). 

1-Glucose  is  formed  when  the  lactone  of  1-gluconic  acid  is  reduced.  R  1S 
perfectly  similar  to  grape  sugar.  It  melts  at  1430,  but  is  lsevo-rotatory,  [^Jp  — 
Its  glucosazone  is,  however,  dextro-rotatorv.  Its  dipheftylhydrazoftey  C6  12 
'•  ^  •  ^  (C6H5)2,  dissolves  with  difficulty,  and  melts  at  163°  (B.  23,  2618). 

Ij-Glucose  results  from  the  union  of  d-  and  1-glucose,  and  by  the  reductio 
°  '  1“ gj^conf e  lactone.  Phenylhydrazine  converts  it  into  [d  +  Y\-gh*cosa)^n*J 

.  6  p  *  ^6^5^2*  This  may  also  be  obtained  from  i-mannose.  it  crysta  1Z  * 

in  yellow  needles,  melting  at  217-218°.  The  same  Td  +  l"|-glucosazone  is  producea 
rom  syruhetic  a-acrose  ([d  -f-  l]-fructose),d-mannose,d  glucose,  and d-fructose  (  rul 

sugar)  (B.  23,  383,  2620).  ’  b 

^s^i3^05,  is  produced  on  warming  chitine  (found  in 
germ  cellulose  of  Boletus  edulisy  with  concentrated  HC1  (B.  17,  243).  "  1 
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tne  d*ame  sugar  a  laevorotatory  invert  sugar  solution  (p.  120  .  result? 

(,2)  Exclusively  from  inuline,  on  heating  it  with  water  to  ioo°  fur 
twenty -four  hours,  when  it  is  completely  changed  to  hevulose  (A.  20s 
162  .  B.  23,  2107).  It  can  also  be  obtained  from  secalose,  a  carbo¬ 
hydrate  contained  in  green  barley  plants  (B.  27,  3525). 

_(3)  11  is  formed  together  with  d-mannose  in  the  oxidation  of  d-man- 
mtol. 

(4)  From  d-glucosazone,  which  has  been  prepared  from  d-glucoseor 
grape  sugar,  as  well  as  from  d-mannose.  This  method  of  formation 
frut^  sugar  genetically  with  d-glueose  and  d-mannose  (p.  548). 
Hence,  in  spite  of  its  laevorotation  of  [a]B  =  —71.4°  (B.  19,  393 ».  it 
is  called  d-tructose.  Fruit  sugar  dissolves  with  greater  difficulty  than 
grape  sugar.  By  reduction  it  yields  d-mannitol  and  d  sorbite,  and 
wnen  oxidized  the  products  are  trioxybutyric  acid  and  glycollic  acid. 
It  is  partially  converted  into  d-glucose  and  d-mannose  bv  alkalies  (B 
28,  3078).  Heated  under  pressure  with  a  little  oxalic  acid,  d-fructose 
becomes  ,5-ox y  d-methyl  forfurol  (B.  28,  R.  786).  It  yields  d-fruc- 
tose  carboxylic  acid  (p  568)  when  treated  with  hydrocyanic  and  hy¬ 
drochloric  acids ;  this  may  be  reduced  to  methvl  butylacetic  acid,  and 
thus  the  constitution  of  frail  sugar  is  proved.  Phenylhydrazine  and 
fructose  yield  d-glucosazone.  which  changes  bv  reduction  to  isogiucos- 
amine  or  d -fmetosamine,  CH.OH[CH  .  OH],CO .  CH, .  XH,  (B.  20, 
*570* 

-I.  \yt-d-frmctesid r  (B.  28.  116c  : ,  lmil>cilcraly  melts  at  22S0  (B.  29.  R-  544  - 
1-  Fructose  is  produced  by  fermenting  [d  +  1]  fructose  (a-acrose)  with  yeast  (B- 

[d  —  1]  Fructose  or  a-Acrose. — Sodium  unalgam  converts  it  into  %-acnte,  icezi- 
with  i-mannitoL  \  east  breaks  it  up,  leaving  1- fructose.  Its  ilrnW2- 

with  i-g.ncosaznoe.  from  which  i  fructose  run  again  be  regenerated.  c-Acnte  can 
yie.c  i  rn.--r.nome  acid,  and  the  latter  fruit  sugar  and  grape  sugar.  .  . 

"The  enclose  modibcatioc,  which  r»n  be  resolved,  is,  by  Tirroe  of  its  syz - - 

fcntiaon.  of  the  greatest  importance  in  the  svn  thesis  of  sugars  p.  555*-  ,, 

.-G-'OT/a. — M  ethylerr.tan  was  the  first  compound,  resemb.ing  the  -•  L-  - 
was  prepared.  Burlerow  ( iSoi )  obtained  it  by  condensing  triox* metny.ere 
with  lime  water.  O.  Loew  (1SS5)  obtained  /enw.nse  (J.  pc.  Ch.  33-  3-1  f 
atiaieigcus  manner  from  oxymethviene,  and  somewhat  later  the  fermentab.e 
by  the  use  of  magnesia.  , B.  22.  470,  47S).  EL  Fischer  considers  these  three  . 
poends  mixtures  of  dixiint  glucoses,  among  which  a-acrose  occurs  (B-  .  . 

The  latter  ,  together  with  d-acrose  is  obtained  by  the  action  of  barrum  hycrox^ 
upon  acrolein  bromide.  CjH^OBr,  (EL  Fischer  and  f.  Tafel and  bv  the  . 

of  so-called  glycercse  .pL  477),  a  mixture  of  CH,OH  .  CHOH  .  CHO  xnd  CHiL  "jL. 
GO  -  CH.OH.  octained  by  the  careful  oxidation  of  glycerol  B  23,  3S0,  ri  -  .L  j 
lemsion  with  sodmm  amalgam  a-acrose  ( identical  with  [d  —  I]  tmetose  p®® 
aacrite.  identical  with  [d  1]  mannitol.  T  g 

2.  Sorbinose.  SHvsf.  QHnOt.  is  found  in  roocnta:n  x=h  berries-  ^  ^ 
mestabie  of  fermectaikm  coder  the  innueoce  of  yeast.  Oxidized  with  : Ly  f  s^r- 
yie  ns  tr  tryglntaric  acid.  Its  osarme,  melts  at  164*.  h® etLy 

boside  melts  at  120-iez-  (B.  28,  1160). 
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A.  SPACE  ISOMERISM  OF  THE  PENTITES  AND  ALDOPENTOSES. 

The  formulas  for  the  four  stereochemically  different  pentites  arise  in  the  same  man¬ 
ner  as  in  the  case  of  the  tartaric  acids.  Suppose  these  four  pentites  to  be  oxidized, 
in  one  instance  the  upper  CH2OH  group,  and  then  the  lower  similar  group  having 
been  converted  into  the  CHO-group,  there  will  result  eight  stereochemically  different 
aldopentose  formulas,  none  of  which  passes  into  any  other  by  a  rotation  of  l8o°. 
The  number  of  predicted  space-isomerides  with  n-asymmetric  carbon  atoms,  and  with 
an  asymmetric  formula  may  be  more  easily  deduced  by  applying  the  2n  formula  of  van 
’t  Hoff,  in  which  n  indicates  the  number  of  asymmetric  carbon  atoms.  In  the  aldo- 
pentoses  n  =  3,  hence  2n  =  2 3  =  8 : 


Pentites  ( and  Trioxy- 
glutaric  Acids). 

(1)  CH2OH 
H.C.OH 
H  .  C  .  OH 
H.C.OH 
CH2 .  OH 

Adonite 

(Ribotrioxyglutaric 

Acid) 

(2)  CH2OH 

H.C.OH 

I 

HO . C .  H 
H  .  i .  OH 
CH2OH 

Xylite 
(Xilotrioxy- 
glutaric  Acid) 

(3)  ch2oh 

HO.i.  II 


(4) 


H. 

C.OH 

1 

H. 

C.OH 

1 

CH2OH 

CH2OH 

1 

H. 

C.OH 

1 

HO 

.  C .  H 
| 

HO 

.  C .  H 

1 

cii2oh 

1-Arabite 

(1-Trioxyglutaric 

Acid) 


Aldopentoses  ( and  Penton-acids). 


01) 


CHO 

CH2OH 

1 

(2i) 

H .  i . OH 

H. 

C.OH 

1 

HO 

H.i.OH 

H. 

C.OH 

1 

or  HO 

II.i.OH 

H. 

C.  OH 

HO 

CII,OH 


i 


CHO 
.i.H 
.i.H 

.i.  h 

ill, OH 


(31) 


HO 


1-Xylose 
(1-Xylonic  Acid) 


(51)  CHO 
HO.CH 
H.i.OH 
II .  i  .OH 
iH2OH 

d-Arabinose 

(71)  CHO 
H.  i.  OH 
HO  .  i .  H 
HO  .  C  .  H 


CHO 

CH2OII 

I 

i.OH 

H. 

C.OH 

i.H 

HO. 

i.H 

1 

i.OH 

H. 

i.OH 

in2 .  OH 

CHO 

no  ^*2 

1-Ribose 
(1-Ribonic  Acid) 


(41)  CHO 
IIO .  CH 
H .  ^ 
ho.ch 
iH,OH 


or 


cii2oh 
HO  .  in 
H.i.OH 
H .  i . OH 
CHO 


(61) 


or 


CH, .  Oil  (81) 


iH. 


OH 

1-Arabinose 
(l-Arabonic  Acid) 


H.C.OH 

HO . i • H 
HO.  i.  H 

c*:ho 


or 


CHO 

HO .  i  • H 

HO. i.H 

II.i.OH 

iH,OH 

1-Lyxose 

CHO 

H  •  ioH 
II .  ioH 

ho.  in 

illjOH 
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The  image-isomeric  aldopentoses  are  capable  naturally  of  uniting  to  four  inactive 
double  molecules,  which  can  be  resolved.  The  space -formulas  (71)  and  (31)  for  or¬ 
dinary  or  1-arabinose  and  the  xyloses  follow  from  the  intimate  connection  of  the 
1-arabinoses  with  1-glucose,  and  the  xyloses  with  1-gulose,  as  will  be  shown  later 

(p.  562). 

If  the  space  formula  of  inactive  xylite  may  be  considered  as  established,  there  re¬ 
mains  but  one  possible  formula  for  inactive  adonite,  the  reduction  product  of  ribose. 

Four  trioxygluta ri c  acids  (p.  53&)  correspond  to  the  four  theoretically  predicted 
pentites.  The  same  number  of  eight  space  isomerides  as  indicated  by  the  pentoses 
are  possible  also  for  the  corresponding  monocarboxylic  acids,  the  tetra - oxy- n-v alert c 
acids f  as  well  as  for  their  corresponding  aldehydo-carboxylic  acids,  and  also  for  t  le 
ketoses  of  the  hexite  series ,  to  which  fruit  sugar  belongs. 


B.  THE  SPACE  ISOMERISM  OF  THE  SIMPLEST  HEXITES  ANDTHE  SUGARS, 
THE  ALDOHEXOSES  AND  THE  GLUCONIC  ACIDS.* 

The  structural  formula  of  the  normal  and  simplest  hexite  : 

CH.OH .  £h .  OH  .  CII .  OH  .  CH  .  OH  .  CH  .  OH .CH.OH,  com™. Jour 
metric  carbon  atoms.  The  theory  of  van’t  Hoff  and  Le  llel  per  s 

space-isomeric  configurations  for  such  a  compound.*  asymmetric  carbon 

In  tartaric  acid  we  started  with  the  point  of  union  of  the  ^  middle 

atoms  in  determining  the  successive  series  ;  and  in  hex  *  C-atom  2  with 

of  the  molecule,  and  then  compare  C-atom  l  wit  1  -a  o  ’  558  have  been 

C-atom  3.  In  this  manner  the  ten  hexite  configurations  given  on  p.  55 

de"fewe  suppose  each  of  the  ten  hexites  to  have  been  o^idized^ in 
upper  — CH2OH  group,  and  again  lhf . lo^  j /^wever,  each  of  the  four  hexites 

twenty  space- isomeric  aldohexoses  would  res  •  ,  jjy  a  rotation  of  180°  pass 

(Nos.  1,  2,  3,  and  4)  yields  two  aldoses  wliose  for  h  q{  possible  space. 

into  each  other,  which  consequently  would  redu 

isomeric  aldohexoses  to  1 6.  .  \  -^rresnond  to  the  ten  space-isomeric 

Ten  tetraoxyadipic  acids  {saccharic  a<  u  )  .  (gluconic  acids),  and  six  ten 

hexites;  sixteen  penta-oxy  n-va  eric  correspond  to  the  sixteen 

aldehydo-tetraoxy-monocarboxyhc  acids  {glucuronic  , 

lh“tiaoh.xoS«,  . °* .  form“las 

also  8  [d  4  ■  1]  modifications,  as  is  •  •  _  four 

appended  table.  .  ..  dde  space- isomeric  aldohexoses,  ,  .  die 

The  number  of  theoretically  niore  readily  de"vf  ^TSd  give 

asymmetric  carbon  atoms  in  with  the  aldopentoses.  11 

van ’t  Hoff  formula  2“  8>v«n  “  g  asymmetric  C-atoms, 

sixteen  space  isomeric  aid  fcetohexoses,  containn  g 

The  space-isomerism  opentoses. 

is  like  the  isomerism  of  tne  a  1 

Hoff,  and  Grundriss  der 


Atome  im  Raum  von  J.  H.  van  ’t 

*  Die  Lagerung  der  ,  3reSiau,  1893). 

tereochemie  von  lla»t«ci  ^ 
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Hexites  {and  Saccharic  Acids'). 
(i)  CH90H 


Aldohexoscs  {and  Hexonic  Acids). 


H  .  ( 

Loh 

1 

H.  < 

i.OH 

HC .  < 

i.  h 

1 

HO .  < 

c.h 

1 

< 

iH2OH 

1-Mannite 
(1-Mannosaccharic 
Acid) 


(3) 


(2) 

CH..OH 

1  2 

(i1) 

CHO 

1 

(21) 

CHO 

HO. 

iH 

H 

.C.OH 

HO. 

.i.H 

HO. 

iH 

H. 

C .  OH 

HO. 

,i.  II 

H. 

.  C.OH 

HO. 

i.H 

1 

H. 

i.OH 

1 

H. 

.  C.OH 
| 

HO. 

i.  h 

H. 

i.OH 

iHjjOH 

i’H2OH 

iH2OH 

d-Mannite 
(d-Mannosaccharic 
Acid) 


1 

CH2 .  OH 

(4) 

CH2OH 

HO 

.i.H 

1 

H. 

i.OH 

1 

H 

.C.OH 

HO. 

i.H 

HO 

.i.H 

| 

H. 

i.OH 

H 

.C.OH 

HO. 

i.H 

1 

ch2.oh 

CH2 .  OH 

1-Idite 


d-Idite 


(1-Idosaccharic  Acid)  (d-Idosaccliaric  Acid) 


(5) 


CH2OH 

HO. 

i.H 

| 

H. 

i.OH 

HO. 

i.H 

HO. 

c!.h 

1 

in2OH 

1-Sorbite 
(1-Saccharic  Acid) 


(6) 


d-Sorbite 
(d-Saccharic  Acid) 


1-Mannose 
( 1-Man nonic  Acid) 


(31)  CHO 
HO . i  .  H 
H.  i.OH 
HO.  i.H 
H.i.OH 
CH,OH 

1-Idose 

(1-Idonic  Acid) 


(51)  CHO 
HO.  i.  H 
H.i.OH 
HO  .  i .  H 
HO.  i.H 


iH, 


OH 

1-Glucose 
(1-Gluconic  Acid) 


d-Mannose 
(d-Mannonic  Acid) 


(4i)  CHO 
H.i.OH 
HO.  i.H 
H.i.OH 
HO.  i.H 
i'H2OH 

d-Idose 

(d-Idonic  Acid) 


(6H  CHO 
H.i.OH 
H.i.OH 
HO.i.  H 
H.i.OH 

iH2OH 

1-Gulose 
(1-Gulonic  Acid) 


CHjOH 

(71) 

CHO 

1 

(81) 

CHO 

1 

H. 

i.OH 

H  . 

i.OH 

HO 

.i.H 

HO. 

i.  h 

HO. 

i.  h 

HO 

.i.H 

1 

H. 

i.OH 

1 

H. 

i.  OH 

H. 

i.OH 

H 

.C.OII 

H . 

i .  OH 

HO. 

i.H 

in2OH 

in2on 

iHjOH 

d -Glucose 
(d-Gluconie  Acid) 


d-Gulose 
(d-Gulonic  Acid) 
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(7) 


CH,OII 

(91) 

CHO 

I 

(io>) 

CHO 

| 

H.i.OH 

H. 

C.OH 

| 

HO. 

C.H 

HO.i.H 

I 

HO. 

C.II 

1 

H. 

C.OH 

I 

HO.C.H 

| 

HO. 

C.H 

1 

H. 

C.OII 

1 

H.C.OH 

| 

H. 

C .  OH 

•  1 

HO. 

C.  II 

1 

CH,OH 

CHjOII 

CIIjOII 

(8) 


Dulcite 
(Mucic  Acid) 


CHaOH 
H.i.OH 
H.i.OH 
H.i.OH 
H.i.OH 

i^OH 

(Allomucic  Acid  ?) 


(9) 


CILOH 

• 

II 

.C.OH 

1 

H 

.  C .  OH 

1 

H 

.C.OII 

1 

HO 

.C.H 

1 

C  11,011 

(1-Talonnicic  Acid) 


(IO) 


CH2OH 
HO .  i  .  H 
HO . i . H 
HO  .  i .  H 
H.i.OH 


in. 


OH 


d-Talite 

(d-Talomucic  Acid) 


d-Galactosc 
(d-Galactonic  Acid) 


1-Galactose 
(1-Galactoiiic  Acid) 


(III) 

CHO 

1 

(121)  CHO 

H. 

C.OH 

1 

HO.C.H 

| 

H. 

C.OH 

| 

HO  .C.H 

H. 

C.OII 

1 

HO  .C.H 

I 

H. 

C.OII 

HO .C.H 

ill, OII 

CIIjOH 

(I31) 

CHO 

(141)  CHO 

H. 

C .  OH 

H.C.OH 

H. 

i.OII 

a 

HO.  C.  II 

H. 

C .  OH 

HO . C .  H 

HO. 

i .  H 

HO . C .  H 

CH,OH 

(^HjOH 

(i5i)  CHO 
HO. i. H 
HO .  i .  H 
HO .  i .  H 
H  .  i . OH 
CHtOH 

d-Talose 
(d-Talonic  Acid) 


(I61)  CHO 
HO.i.H 
H  .  i .  OH 
H  .  i .  OH 
H.i.OH 


in. 


OH 


To  render  rational  names  possible,  E.  Fischer  has  proposed  to  indicate  the  con¬ 
figuration  by  the  sign  or  — .  These  are  not  intended  to  show  the  influence  of 
the  individual  asymmetric  carbon  atom  upon  the  optical  properties  of  the  molecule, 
as  van  ’t  Hoff  formerly  expressed  it,  but  merely  the  position  of  a  substituent  upon 
the  right  or  left  side  of  the  preceding  configuration  formulas.  The  formula  should  be 
so  viewed  that  in  the  sugars  the  aldehyde  or  ketone  group,  and  in  the  monobasic 
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acids  the  carboxyls  stand  above.  The  numbers  begin  above,  and  the  sign  -f  or 
represents  the  position  of  hydroxyl,  e.  g .  .* 


Grape  Sugar,  d-Glucose  =  Hexanpentolal  - (Formula  71). 

d-Gluconic  Acid,  .  .  .  =  Hexanpentol  acid  -| - j-  -f  (Formula  71). 

Fruit  Sugar,  d-Fructose  =  Hexanpentol-2-on - h  +• 


In  the  case  of  symmetrical  structure, — as  it  exists,  for  example,  in  the  diacids  and 
alcohols  of  the  sugar  group, — there  is  no  favored  position  ;  consequently,  presuming 
that  the  numbering  invariably  proceeds  from  the  top  down,  we  get  a  doubled  steric 
designation,  e.  g.  : 

d-Saccharic  Acid,  .  .  =  Hexantetrol  diacid  -| - b+or - 1 - 

Dulcite , . =  Hexanhexol,  .  .  -j - |-  °r - b  H - 

Derivation  of  the  Space-formula  for  d-Glucose  or  Grape  Sugar,  the  most 
important  aldohexose.  The  following  relations  arranged  first  in  the  diagram  are  t  e 
basis  of  this  derivation  : 


I.  d-Sorbite 


d-Gulose 

1/  1 _ 


d-Gulo-lactone  -4“  d-Gulonic  Acid 


A 


*_ - - — -  - 

^  d-Glucose -4- d-Glucono-lactone ^“d-Gluconic  Acid 


x  d-Saccharic 
7T/71  Acid 


II.  d-Glucose - ^  d-Glucosazone  -4 - d-Mannose 

d-Mannite 


III.  d-Fructose 


d-Glucosazone 


* 


d-Sorbite 


IV.  1-Arabite  -4“ 


1-Arabinose 


yy  1-Mannonic  Acid 

1-Arabinose  Carboxylic  Acid 

A 


V.  Xylite  -4- 


Xylose 


^  1-Gluconic  Acid  - 
1-Gulonic  Acid  * 
Xylose  Carboxylic 
Acid 


1-Glucose 
.  1-Gulose. 


.  1 1  the  same 

Diagram  I  shows  that  d-glucose  or  grape  sugar  and  d-gulose  ) 3®  yte  corre- 
d-saccharic  acid.  Hence  it  follows  that  d-saccharic  acid  and  toe  ause  |t  is  only 
sponding  to  it  can  not  have  the  formulas  (i),  (2),  (3),  (4)  (P-  55?)»  ^  ,  tw0  space 
the  hexites  and  saccharic  acids,  (5),  (6),  (7),  (8),  (9),  (IO)>  W.hlC^Ayre. formulas  rep- 
isomeric  aldohexoses  each.  The  formulas  (7)  and  (8)  of  the  six  spa  ecuieS>  which 
resent  by  virtue  of  intramolecular  compensation  optically  inactive  nio  ’ 

therefore  disappear  for  the  optically  active  d-saccharic  acid  and  d-sor  1  e*  ^  j .^an- 
The  fact  that  d-saccharic  acid  and  d-mannosaccharic  acid,  d-gluconic  ,  hevary- 
nonic  acids,  d-glucose  and  d-mannose,  d-sorbite  and  d-mannite,  only  diner  y  carbon 
ing  arrangement  of  the  univalent  atoms  or  atomic  groups  with  reference  o  it 

atom,  which  in  d-glucose  and  d-mannose  is  linked  to  the  aldehydo-group*  ^  and 
possible  to  decide  between  the  image  formulas  (5)  and  (6),  (9)  and  (IOU5aff ram  H 
1-saccharic  acid,  d-mannose  and  d-glucose,  yield  the  same  osazone  & 


5?ir*  FO*MCIAS. 


ions 

"  :« 

seis  ~~-  c~*  |y^  ▼:  uir  trr 
—— ~t7  «si  rasr 

T«-r.:  l  ^  T*~*  izd  fi-sorrc; 


:OS£7T-M  -mr^X  :-TTJI.TOCJC  Et-  ?rrT^— 

~  ^ctxnsi  few  ±e  r^istnnr  38  a-inxxasi-  Assrrr.-aj: 

II  *  1K  ?■  559  = 


v^» 


cHjOa 

(*>)  CHjOH 

e.C*.oh 

HO-C-H 

H.t.OH 

HO.C.H 

H-t-OH 

HO.t.H 

BO.C.H 

H.£*.OH 

CHjOH 

CHjOH, 

i-njrr  i*,  £Ti£  il=c  l-TT.ir^»rsiL^riErX: 

(A 


sctrii  btrs  3e 


(;)cr(S^: 


CHjOH 

(S)  CHjOH 

HC*.  OH 

H.t.OH 

HO.t.H 

et.oH 

HO.t.H 

HC.OH 

H .  C* .  OH 

HC.oe 

CHjOH 

CHjOH, 

-  E3d  5  by  iso^r^L-  -c^ieMricc  grr?  pe  to 

~r~  ret  grrc  birt  os  ^  1  i~'* 

,  f3*  '  ^SLbTS 

5  n:  o_,  ™_T“  V, *  g  -  ^ - ^  Itedsks  bees  daoe 

sbr  il  xdcily  Knre 

_ _ _ !?-rrd«d  15  eaKiaed 

v "?  fcBs  k>  c-^ir.T^  xno 


rr»«  s 

*cd  Txi  szmr^  r  .cTcrtli  v*)  = 

(S1)  CHjOH 
H.t.  OH 


H  CH/>H  (71) 
H-t-OH 
HO.i.H 
H.i.OH 
H.i.OH 
^HJOH 

.:>icd!^  A£»T> 


CHO  (S»> 


H-t-OH 
HO.t-H 

h.^.oh 

H  .i.OH 
1 


CHjOH 


HO.i.H 

H-t-OH 

H.t.OH 

CHO 


:»= 


(X*)  CHO 
HO.i.H 
HO.t.H 
H.t.OH 

ho.  in 

CH,OH 
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,0  Jn  ordei- to  obtain  the  aldehyde  group  at  the  top  of  the  formula  image  formula 
(8  )  must  be  turned  180  .  This  converts  it  into  formula  (8*),  and  the  succession  of 
the  atomic  groups  attached  to  the  asymmetric  carbon  atom  is  naturally  not  altered 
1  he  choice  between  formula  (71)  and  (8*)  for  d-glucose  and  d-gulose still  remains 
v\  e  are  able  to  determine  this  if  we  can  select  out  the  space-formulas  for  the  two 
image-isomerides— 1-glucose  and  1-gulose.  This  is  possible  with  a  proper  considera¬ 
tion  of  the  genetic  relation  of  the  last  two  bodies  with  1-arabinose  and  xylose  as 
represented  in  diagrams  IV  and  V  (p.  560).  J  9 

Ihe  formulas  (51)  and  (6*)  of  the  aldohexoses  correspond  to  the  formula  (5)  of 
1-saccharic  acid.  (61)  when  rotated  becomes  (61) : 


(5) 

CH,OH 

(51) 

CHO 

HO. 

C.  H 

I 

HO. 

d:.  h 

I 

H. 

C .  OH 

I 

H. 

C.OH 

HO. 

C.H 

HO. 

i.  H 

HO. 

i.H 

HO. 

i.  h 

1 

ch2oh 

CH,OH 

1-Sorbite 


(1-Saccharic  Acid). 


(6i) 


)  CH2OH  (6 

*)  CHO 

ho  .  d: .  h 

1 

H.d.OH 

H-C.°H  or  when 

H.d’.OH 

HO.d:.H  rotatedl8o° 

HO.d.  H 

1 

Ho.d:.H 

H.C.OH 

iHO 

d:n2OH 

Remembering  that,  according  to  diagram  IV,  page  560,  it  is  possible  to  obtain 
d-glucose  from  1-arabinose,  and,  according  to  diagram  V,  1-gulose  from  xylose,  then 
the  pentoses  mentioned  must  have  the  space-formulas  which  can  be  derived  for  formu- 
las  (51)  and  (61)  by  omitting  the  first  C*-atom,  becoming  asymmetric  in  the  synthesis : 


(61) 


CHO 

1 

CHO 

CH2OH 

1 

H  .  C* .  OH 

H.i. OH 

I 

H.C. OH 
«  | 

H.C.OH 

1 

HO.  C.H 

HO. C.H 

1 

HO . C .  H 

H.i.OH 

H.C.OH 

H.i.OH 

d;H2OH 

iH2OH 

d:H2OH 

Xylose 

Xylite. 

1-Gulose 


(51)  CHO 


HO. 

C*.  H 

1 

CHO 

H. 

C  .  OH  < — 

—  H. 

C.OH 

| 

HO. 

i.H 

1 

HO. 

C.H 

HO. 

i.H 

1 

HO. 

i.  h 

1 

CH2OH 

1 

CH2OH 

1-Glucose  1-Arabinose 


CH2OH 
>  H.i.OH 
HO .  A  •  H 
HO .  i .  H 
d:H?OH 

1-Arabite. 


It  is  at  once  seen  that  the  aldopentose  corresponding  to  formula  (6  )  ?aU  Compen- 
duction,  yield  an  inactive  pentit e-xylite  (p.  534), —through  an  intramo  ecu  ar  ^ve 
sation.  Similarly,  the  pentose  with  formula  (51)  changes  to  an  °P“  xylite 

pentite — Varabite  (p.  534).  In  this  manner  is  fixed  not  only  the  configuratio  '  from 
and  xylose,  1-arabite  and  1-arabinose,  but  it  is  also  demonstrated  that  £  space- 
xylose,  has  the  formula  (61),  and  1-glucose,  synthesized  from  1-arabinose,  1 
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oxidizes  to  1-talomucic  acid,  which  justifies  the  preceding  assumption,  and  con* 
quently  proves  the  rhamnose  configuration,  even  to  the  position  of  the  asvrameirt 
carbon  atom  linked  to  methyl.  1  c 

Wohl’s  procedure  permits  of  the  conversion  of  rhamnose  into  methyl  tetrose 
which  is  oxidized  to  d-tartaric  acid  by  nitric  acid.  Hence,  we  may  suppose  that  here 
the  methyl  group  is  split  off  as  in  the  case  of  the  oxidation  of  rhamnose  to  1-trioxy- 
glutaric  acid,  and  of  a-rhamnohexonic  acid  to  mucic  acid.  This  then  demonstrates 
the  configuration  of  d-tartaric  acid  (B.  29,  1377) : 

C02li 
.i.OH 
.i.H 
.i.OH 


CHO 

H  .i.OH 
H.i.OH 

CHO 

H 

H.i.OH 

co2h 

HO 

HO  .  C .  H 

HO  .  C  .  H 

H.C.OH 

H 

| 

?  CH. OH 

? in .oh 

HO.i.  H 

H 

CHS 

Rhamnose 


in. 


io,H 


i 


■n  rr 


Methyl  Tetrose 


2A 

d-Tartaric  Acid 


4.  POLYOXYMONOCARBOXYLIC  ACIDS. 

A.  PENTAOXYCARBOXYLIC  ACIDS. 

These  acids  are  produced  (1)  by  the  further  oxidation  (by  means 
of  chlorine  or  bromine  water)  of  the  alcohols  and  aldoses  correspond¬ 
ing  to  them ;  (2)  by  the  reduction  of  the  corresponding  aldehydo- 
acids  and  lactones  of  dicarboxylic  acids ;  synthetically,  from  the 
aldopentoses  (arabinose,  rhamnose,  p.  536)  by  the  aid  of  CNH,  etc. 
This  is  analogous  to  the  synthesis  of  glycollic  acid  from  formaldehy  e> 
and  ethidene  lactic  acid  from  acetaldehyde : 

CH3.CHO - CHS.CH  (OH)CN  - — - -?*-  CH3.CH  (OH)  .COsH 

2H20 

ch2.oh[ch.oh]3Cho - -t»-  ch2oh[®hoh]3ch(oh)cn - CH2OH[CHOH]3ch(OH'IC 

‘‘Arabinose  1-Glucononitrile  *  1- Arab  inosT  Car  botylic 

Acid. 

Deportment. — Being  y-  and  5-oxy-derivatives,  nearly  all  of  these  acid 
are  very  unstable  when  in  a  free  condition.  They  lose  water  re 
and  pass  into  lactones  (p.  342)  : 

C6H1207  - ^  C6H10O6. 

When  acted  upon  in  acid  solution  by  sodium  amalgam,  these  lactoj^ 
(not  the  acids)  reabsorb  two  atoms  of  hydrogen,  and  are  con 
into  the  corresponding  aldohexoses  (E.  Fischer)  : 

>  QH12o6. 

d-Glucose. 


C«H10?6 

d-Glucono-lactone 


PENTAOXYCARBOXYLIC  ACIDS. 
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These  acids  when  acted  upon  with 

£JS"etu  when* boiled3 with  alkalies.  They  are  distinguished  from  the 
hvdrazones  of  the  aldehydes  and  ketones  by  the  reddish-violet  coloration  produced 
upon  mixing  them  with  concentrated  sulphuric  acid  and  a  drop  of  ferric  chloride. 

Heated  to  130-150°  with  quinoline  or  pyridine  a  geometric  re¬ 
arrangement  ensues,  which  is,  however,  restricted  to  the  asymmetric 
carbon  atom  in  union  with  the  carboxyl.  It  is  a  reversible  reaction, 
and  therefore  yields  a  mixture  of  both  stereo-isomerides,  e.  g.  (B.  27, 

3I93)  • 


d-  and  1-Gluconic  Acid 
1-Gulonic  Acid 


-r 


-*r 


-4>-  d-  and  1-Mannonic  Acid. 
1-Idonic  Acid. 
d-Talonic  Acid. 


d-Galactonic  Acid  - 

These  acids  are  reduced  to  lactones  of  the  y-monoxycarboxylic 
acids  (p.  345),  if  they  are  heated  with  hydriodic  acid  and  phosphorus. 

Isomerism. — Spacial  isomerides  of  pentaoxy-n-caproic  acid  are  as 
numerous,  according  to  theory,  as  the  aldohexoses  (p.  55^)>  *•  S1X" 
teen  optically  active  and  eight  [d  -f-  1]  modifications,  which  aie  mac 

Mannonic  Acid,  C5H8(OH)5.  CO,H.  The  syrup-like  acids— 
d-,  1-,  and  [d  -\-  l]-mannonic  acid — yield  d-,  1-,  and  [d  -j- 
saccharic  acid  on  oxidation  (p.  569)-  change  to  ac  o 

evaporating  their  solutions,  which  by  further  reduction  geld- 
mannite ,  1  -mannite,  and  [d  -\-  \\mannite.  [d  +  l]_i  anm  e  r  j  ,  n 
with  a-acrite,  the  reduction  product  of  synthetic  a-acrose  n 

fructose.  As  [d  +  11-mannite  or  a-acrite,  when  oxidized,  yield  L  +  J_ 
mannose,  and  the  latter  by  similar  treatment  econi  [  j_mannonjc 

nonic  acid,  which  can  be  split  into .^ThTconiplete  synthesis  of  all 
acid,  we  realize  through  these  reactions  t 

bodies  of  the  mannite  series  (p.  554)  : 

d-Mannite  —  d-Mannose  _ 

“-Acrose  a-Aerite  ld+1]  Mannose  • 

W+U  Fructose  ld+1]  Muunito 


l-Mannite  -«? — 1-Mannose  -4r 


d-Mannono-lactone 

d-Mannonic  Acid 
.  pj+i]  Mannonic  Acid 
1-Mannonic  Acid 

_  l-Mannono-lactone. 


-s»-  Mannosaccliaric 
Acid 

-^-[d  +  1]  Mannosac- 
charic  Acid 
_i>-  1-Mannosaccha- 

ric  Acid 


m.p.  149-153' 

“  140-15°^ 

“  i49-*550 


+  53-8° 
+  54-8° 


d-Manno..o-l«to"'.  C.H.oO., 

[d  with  S.  w..«  (B.  22, 

"  iS  **"  is  that  „  partial  conversion  of  i-  and  l- 
A  very  important  feature  ^  0Ccurs  on  heating  the  former 

mannonic  acid  info/'  o  acids,  subjected  to  the  same  treat- 

to  1 40°  with  quinoline.  ^  and  pmannomc  acids. 

ment,  change  in  Pa 
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This  method  of  preparing  d-  and  l-glu conic  acids  shows  the  genetic 
connection  existing  between  d-  and  l- glucose  and  the  mannite  series,  and 
thereby  renders  possible  the  synthesis  of  grape  sugar. 

The  formation  of  1-mannonic  acid  or  1-arabinose- carboxylic  acid 
(together  with  1-gluconic  acid)  from  1-arabinose  by  means  of  hydro¬ 
cyanic  acid  constitutes  one  of  the  transitions  which  allows  of  the 
synthesis  of  aldohexoses  from  aldopentoses: 

f  1-Mannonic  Acid - M - M annono-  lactone - M-Mannose 

1-Arabinose  «  1-Arabinose  Carboxylic  Acid 

1  l-Gluconic  Acid  - -M-Glucono-lactone  - M-Glucose. 

Gluconic  Acid,  CH20H(CH0H)4C02H,  is  known  in  the  d-,  1-,  and 
[d  +  ^-modifications  (B.  23,  801,  2624;  24,  1840). 

1.  Ihe  lactones  of  these  three  acids  change  to  d-,  1-,  and  [d  -j-  1]- 
glucose  on  reduction. 

2.  By  oxidation  they  become  d-,  1-,  and  [d  -|-  1]  saccharic  acids. 

3.  W  hen  heated  to  140°  with  quinoline  they  change  in  part  to  d-, 
1-,  and  [d  -j-  1]  mannonic  acids  (p.  566).  Conversely,  d-,  1-,  and 
[d  +  1]  gluconic  acids  are  won  by  the  same  treatment  from  d-,  1-,  and 
[d  -J-  1]  mannonic  acids. 

The  d- and  1-phenylhydrazides,  C6HuOs(N2H2  .C6H5),  melt  about  200° 
when  they  are  rapidly  heated,  while  the  fd  +  1"1  phenylhvdrazide 
melts  at  190°. 

d-Gluconic  Acid,  Dextronic  Acid,  Maltonic  Acid,  is  formed  by  the 
oxidation  of  dextrose,  cane  sugar,  dextrine,  starch,  and  maltose  with 
chlorine  or  bromine  water,  and  is  most  readily  obtained  from  glucose 
(B.  17,  1298)  as  well  as  from  d-mannonic  acid.  Gluconic  acid  forms 
a  syrup  which,  when  evaporated  or  upon  standing,  changes  in  part  to 
its  crystalline  lactone,  C6H10O6,  melting  at  130— 1350.  Sodium  amalgam 
reduces  it  to  d -glucose  or  grape  sugar  (B.  23,  S04).  Its  barium  salt 
crystallizes  with  three  molecules  of  water,  the  calcium  salt  with  one. 
The  acid  is  dextro-rotatory,  but  does  not  reduce  Fehiing’s  solution. 

Pentacelylglucononitrile ,  C5H6(0.  CjHsO)5CN  (B.  26,  730).  Dimetkylene  G.u- 
contc  Actd ,  LgHgOT(:  CH , )j,  from  d-gluconic  acid  and  formaldehyde,  melts  at  - 2c 
(A.  292,  31). 

1-Glucouic  acid  is  formed  (1)  from  1-mannonic  acid  (p.  566),  and  (2)  together  with 
1-mannonic  acid  from  1-arabinose  by  aid  of  CNH. 

_  [*I  "f  1]  Gluconic  Acid  is  formed  upon  evaporating  the  aqueous  solution  ot  3 
mixture  ot  d-  and  1-gluconic  acids.  Its  calcium  salt  dissolves  with  difficulty,  h 
obtained  like  calcium  racemate  by  mixing  solutions  of  d-  and  1-gluconates  o! 
calcium. 

Gulonic  Acid,  CHsOH[CHOH]4C02H,  is  known  in  three  forms,  which  become 
d-,  1-,  and  fd  4- 1]  saccharic  acids  (p.  560)  when  they  are  oxidized.  The  reduc¬ 
tion  of  their  lactones  produces  d-,  1-,  and  [d  -+- 1]  guloses  (p.  551).  d-Grnlmie  -.y 
is  obtained  by  reduction  of  both  glucuronic  acid  s6S)  and  d-saccharic  acid.  )  :’e 
la.  tone  melts  at  1S0-1S10;  the /•icnyUydnntdc  at  147-14S0  ( B.  24,520V  1 
acta,  xylose  carboxylic  acid,  results  when  xylose  is  acted  upon  with  CNH.  Tb-» 
reaction  unites  also  the  aldopentoses  with  the  "aldohexoses.  1-Idonic  acid  is  produced 
simultaneously,  and  when  heated  with  pyridine  changes  partially  to  1 -gulonic  ac'.d- 
l- Gttlomt-laciotte  melts  at  1S50.  The  gkenylkydrazldi  melts  at  147— 1490  I®-  *3’ 


ALDOSE  carboxylic  acids. 
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..  ,  r  j readily  changes  into  its  lactose. 
iA-s-  24. 52S).  [d  si  LrX"  * .  ‘  1  ('-■  - — -  r<j  — 11  gnlc-its  cisic-Tts 

£*&*»»  taod-  «ad  -it.  ^ 

2  acre  difficulty  than  calaca  d-  -ad  i-gu.onaie.  *  -  - 

***zs  of  its  bradae  salt  froffi  the  meaner  hqaar^  “i^se  is  its 

puisne  to  140=,  *  changes  in  part  to  i-gmooic  aod.  id  ^'ordonkr  bT 
redscnon  product  p.  55  0-  <*-/*■*  And,  obtained  man  d-gu-ontc  acKl  oy  tn 

of  pyridine.  fields  d-idose  00  reduction  t B.  *8,1975)-  .  „vVi-v*iioos. 

Galactonic  Acid,  Cl^OHfCHOHJ.CO^H.  is  sno^n  m  tnree 

.-  -  ,  7  ,  7_i.A_  .1 _ — hyl  tr-jcic  ester  and  a-=oot  tne 


l-saui,  w_;cu  la-more  aOiUL.c  m  uwuu.,  - -  ,  T  ,- - 

acre  diScnlry  (B.  25,  1256).  \-Gmhutmu  AHJ  resembles  in  a  remr^a  tc  oegree 

the  well-known —  _  ....  j ,  -  * 

i  Galactonic  Acid,  Lactcnu  Acid,  CH,OH[CHOH]tCOTH.  which  is  P"®*** 
rrommi'Jk  sugar,  d-galaetose,  and  gumarabic  by  the  action  of  bromine 

cod  verted  into  d-taloaic  acid,  and  then  be  prepared  from  the  latter-  It  cry>- 
aad  prolonged  healing  to  loo°  converts  it  into  the  corresponding  lactone,  t  7  r 
meiung  at  90-92°.  which  combines  with  water  to  C^H^O*  Ht*  ^  memng  *t  04 
?  (A  m.  S3).  Calcium  (QH^Ca  +  5H20 

91  20°--05o.  bodmm  amalgam  causes  the  lactone  to  revert  to  d-galact<  -  *  .  ^ 

^Qcic  acid  on  oxidation  with  nitric  acid-  The  asmidf  melts  at  I  $  -  - 
melts  at  210°  (B  28  R  606 

d-Talonic  Acid,  CHXH[CH0H]4C05H.  results  together  with  oxyme^ylene 
PTronmdc  acid  on  heating  d-g^lactonic  acid  with  pyridine  or  quinoline 
inversely,  d-galactonic  acid  is  obtained  from  d-talonic  acid  by  tn^  -  w 
'  ?7*  I52S)-  Reduction  changes  it  to  d-talose  (p-  55*^-  _  .  chito?e 

t  Chhonic  Acid  is  produced  when  HCl-glucosamine  (p-  55°  -''t  ex  wards 

.»  means  of  silver  nitrite,  and  this  non-isolafed  intermediate  procure 
oxidized  with  bromine  water  (B.  27,  140).  n„ 

a  Rhamnose- carboxylic  Acid,  CHs(CH.OH)4*  CH<qq^j|»  ** 

J^fose  by  action  of  CXH,  etc.  The  lactam,  C-H^O*.  melts  at  «• 

"3  •  Its phenvlkydraziJe,  C,Hu06  .  X,Ht .  C#HS.  m*!**  a_.  k  “  -t  j-  reducieii  to 
When  the  add  is  heated  with  hvdriodic  acid  and  phosphe^^ R 
normal  heptylic  acid.  Sodium  amalgam  converts  the  lactone  Heated  to  150-155° 
3»  93^)-  Mucic  acid  is  its  oxidation  product  (*>-  *7*  The  latte***  of  the 

1  *  PJTi.dme’  h  is  P^Iy  changed  to  3  riammvc -oj  wh^  oxidised  the  ,3-acid 

|auer  melts  at  1 34-1 38°,  and  the  pkcnylijrarastae at  I/O 
15  converted  into  1-talo- mucic  acid  tp*  57  *)• 

B-  ALDOHEXOSE  carboxylic  acids,  hexaox\  monocar  * 

j  r  A  crlnrose.  d-nianno>ef 
Acids  of  this  kind  have  been  obt^,n^^7  hvdrocvanic  acid,  and 
d  galactose,  and  d-fructose  by  the  addt  c  hydrochloric  acid. 

lhe  subsequent  saponification  ot  the  ni  three  modifications: 

(0  Mannoheptonic  Acid  is  know  n  OHJ>.. 

„  d-Mannose-catbo,yltc  Acid. 

C02H,  is  obtained  from  d-manno^(  >  lts  melu»  ^  ^ hen  to  the  hepta- 

melts  about  2200  with  decompo^ ‘  ma^noheptose#  acij  retluces  the 

amalgam  re<luces  the  ^  936,  2226).  H>  .  xKhcn  oxidised 

hydric  alcohol  persette,  CT  11,^1  V  ee  above  and  B.  2 

acid  to  heptolactone  and  hept>n 
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.-  L  ,r  *1  ^ann^e  carboivix:  acid  is  formed  from  d-  and  1-ma^^T  ‘3r 
*c^a.  as  wed  as  from  [d  -f  1]  mannose  (A.  272.  1S4).  Ml>ose  carici?* 

nVij0-’  h  GIu<rose-carb°xylic  Acid,  a.  A-Ghtcokcftcmic  Acid  CH.OH 'rHr,”- 
LOiH,ts  termed  < I )  together  with  the  3-add  from  d-efue  w2 1 *-7? H- 

&  Or «* 

5<5»  >7^  a.  272,  3001.  The  lactone  melts  about  145=  , 

fauces  u  to  hertokctoce  and  normal  heptylic  acid.  Sod^  an^tiS 
to  ********&*  1  d-glncoheptose).  The  aAftumjB^drmade  . 

add*  *>  Six  ^  23,  93f;  sP*ce4a™k»  A-  27°>  65).  i-PentaoxTpiMeae 

k  ‘ormed  wnen  dextrose  <arcoxy  Ik  add  is  oxidized.  3, d-G/* 

. jr.,  ” is  formed  together  with  the  «i- add  from  glucose.  The  cian’i.-^- 

t  “*  ^eilS  l1  Its  ferimr  melts  at  151-152®,  and  yields  3,  d^iacohqaose 


c .  d -Galactose-carboxylic  Acid,  a- GaJaitf&mie  Acid,  CH.OH  [CHOETLCC .  rL 
s  prcccceu  together  with  (i-jaZsicpemric  acid  from  galactose*  The  add  med  -  e 
1-5  »  P^5^5  tmo  iid  4-v;  c/,  Et-dcg  21  Iji'*.  Nxi  cLn^es  ii  ~^gg> 

t  ^i-aejxcse  p*  555  *  ^  oiicired  it  yields  carcoiT-d ^dactcck  sc  i  ;  t~i 

(A-  aSS.  59).  *  - 

d  Fructose -carboxylic  Acid.  CH.OH .  [CHOH]3C  OH  OO.H  CH.  ML  is  cb 
.aiieu  tre^n  rroctose  or  bemk^e  by  the  action  of  hvilmrrg^ir  acid.  It  r.t’is  *ica- 
mdroxyberare  tricaiboxylic  acid  when  it  is  oxidized.  Its  Zactcnc  celts  zt  i»:.  cd 
w^en  redaced  with  sevd  m  amalgam  two  al  debertoses  with  crcxiisi  C-charts  rscr 
a3«  93~  -  Redoctioa  with  hydriodic  add  forms  hepOiinocf  and  aertrlk  ad-— 
r  -  The  latter  is  identical  with  methyl-normal  beryl  acedc  acid  r  — - 

lienee  it  iserkieat  that  Sezmltse  is  a  cccckc-cS.-.- icJ  Klicii.  B.  19-  191a ;  23.  -;1  - 

*4.  34^c 


C  ALDOKEPTOSE  CAR30XYLIC  ACIDS.  HEPTAOXYCABBOXYLIC  ACI-i- 

d  Martrvo-octtnic  Acid.  CHjOH .  [CHOH^COjH,  has  beer.  obtained  fetm 
c-sarnobettost.  Its  h-iraiK  atls  r;  243°.  The  ~  -  £  asert.  rea — ffi- 

*  sweet  use.  cd  melts  ike  ioS®.  By  raisajeo  k  forms  d-aamxrcse  553  • 
ana  3- Gk>Alni  iiitaa  melt  at  145s  and  iSo3  A.  270.  93  - 
trom  a-galahepccse  VA  aS3.  149),  melts  at  220-223-. 

D.  AJLDO-OCTOSS  CAKBOXYL1C  ACIDS-.  OCTO-OXYCASBOXY-IC  ACIBS- 

dManso-acscrtic  Acid.  CHjOHfCHOHTCpjH,  has  leer  obcairei  d"^ 
>d - rr irtt-o-ocrctse.  Its  rufp  ai  id  ■»  h  ike  y  Its  Icczcttc  tie's  at  1“  ’■  " 

reviceec,  iz  larms  d.-m3LHT5o-aonose, 


>.  TETRAOXY-  AND  PEKTAOXYALDEKYDE  ACH>S. 

d-GIrsccracic  Acid.  CHO . (CH.OH  t . CTXH.  is  otezmed  by  decc^g 
eaxxrivid:  seg:fe  oq  Kx  iig  ci'.resL:i:rx»i  V 
ccccvxni>  of  c  xsonk  idi  wkh  ar^ief.  roraeoL,  cilocL.  ftein  .  ^  *^*5^- 
coer  todies  R.  19.  201^  R.  j 6s)  occn  is  ebe  liter  the  brxacbra  c* 
patros  ba>  the  idrrai?  cqyki.  Ia  this  the  sbsaros  111  ll(TV^n;L 

the  x.  .iehyie  ^7  c*  ^ice  the  priory  ikoccC  greap  of  *  hicc.  ss z^-  , 

tied-  Xv-ts  xchis  oeo^=cvse  the=s  e&d  fiber  ctc^coestN  c 

s^ttt  ¥bd  nr&i>  ratsses  tne  jcrcoe  \  ca  yxrxtc-  Tbe  c  ^ 

«(  lage  phles.  01  svett  nsie»  m  175-1;^  C  Bwhe  ^ 

sxxhinc  xcxL  It  1W1  xr^xrs  liu  whea  irrkrir  Ahd  is  redded 


rrrxj^nrsfKAXMomJC  a  '  -  - 


5^9 


l  n. <-T\. *T »■****■ 4 1>|  ■■"■  ifjt  JUTs.  joJ 

SSL.  ^  «  w*,-*«?rg^r5 

'-* ’J  ^'rV-Ar.”i y^*C1^--'  < c_iLo/j,  *m» 

ja:  'XX/xk:.'  t.vxrA  *  I2>  -  C 7rvn*j^M^rs~+t  A .'Jf'?  ^ 

j««,2fce  nejsswcs?  »CTr  iafir,  giseir'.cas  vxr.  as*:  ec^$nta^*t««Ji  ‘-," 

*M^0Udmk  JLid,  CX3H,fCaOO]fOAn  fr»^ 

x/afit  acy_  aa;  cay  i«  ciMwertw  isto  <  anwy^i1  irrnT  *-'j-  ?•  J>  ^ 


f.  POLYOZYDICARBOZYLIC  ACID  5. 

A  TZTAfcCZTDICAiBCITDIC  ACIDS. 

Toe«;  art  oUai&ed  Lt  tbe  cairiatics  of  var//s  cartwbyCrale  wf-h 
a:tjc  add,  and  art  re&lsly  preyed  from  the  conespooding 
carbatyljc  adds  upon  oxidation  with  nitric  acid-  Mannosacccanc 
^  the  saccharic  adds,  and  the  node  adds  are  the  nK^t,raponaat 
f«^<rter.tatives  of  the  series.  Gluconic  add  yields  *acc^”f  ac?v 
^iactomc  acid  rradc  add,  and  mamtomc  add  mamuxsaccbanc  aenc. 
I  rdr  lactones,  by  very  careful  redaction,  can  be  c^Te^r^D^tlrtj 

iydeoxycagboKylicackkandoxymoDOcariiaxyHcaads.  "e/; '  ~rmal 

jy  HI  and  phosphorus  the  preceding  adds  are  converted  *b  ^ 
adpic  add,  CX>,H>,rbetoe  all  of  them  mast  be  con-der  ^ 

H«»4son»erictetraoayadipicad&.  T^?r^  tet^aoxyadipic 
^  ^ait  doable  modifications  are  possible.  Ah  tbe  .  char  ge 
*ods,  when  heated  with  hydrochloric  or  hydrobromic  acid,  change 

ny.re  or  less  readilv  to  dehydromtidc  aodj Th.  24,  ij*5f  fa  known  in 

<0  Manncsaccharic  Acid,  CO^CTOIT^O^^^^ 
three  modifications  f space-fornrola,  p-  5j^)»  *“ t^v  also  result 
ketoaeswhen  they  are  liberated  fi^omthei.r*^  W  565). 
°pon  oxidizing  the  three  mannonic  acids  wi  •  -  at  ir  5  It 

,  [8  +  11  Manncuu'haro-UicUme*  C*H ED^.'tS  frr-®°  P 

ibssr  ^ 

wby'irot,  at  lto-I92*.  h  «*  P"*1??*1  at  ,89°- ,  Xt* 

•wac  acid  are  ewidized  with  nitric  aciri-  '  ^  «£>*  +  2H-,0,  mejts  at  »  ~ ' 

-•***.*-  'Fi  ^,544), 

»fyrdro«af  at  iScr'-  It  »  Ip  on  ui  2713  -  Its  dunnid  m^lts  ai 

ifiowt  carboxylic  acid  are  oxKiired  ''  ^  f  JJixutyl l-mannouucharo 
yf'.  \y*dihydrazid*TM\x***^'*  - 

55'  (®-  2I»  *422*  22*  ^25  *  They  are  obtained 


5*  (B,  21,  1422;  22,  525  *  ^  ^  They  are  obtained 

=« 

ati on*  VP*cr.ric  ^id. 

rdinary  saccharic  ac.a. 

4» 
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*-d,+  W*5"*  add.  It, 

1-aaa.  Its  dihydrazide  melts  at  SS/  •*“*  «-— *  *  *  i 

r“ults  in  the  oxidation  of  cane  sugar 

carbohydrates  with  ni^acW  ^  rf 0’  ?'gluc°nic  acid.  and  mJLy 
upon  glucuronic  «*i.  ’  aU>  from  the  action  of  bromine  water 

syraov'add  ffSES*.  mass’  readi|y  i»  alcohol.  If  the  pure 

2  l^  tki  dWCH  OStann  fr  “r time’  11  cha“g“  *»  *»££ 

glucuronic  arid  a"  TCh  melts  at  130-132°.  It  changes  to 

acid  reduce  it  t,h  -n..r<:duced  Wlth.  sodium amalgam.  Hydriodic 

dextro-tartaric  ac.v  ri<  P  C  '  "*len  oxidized  with  nitric  acid, 
--xtro- tartaric  acid  (B.  27,  3967  and  oxalic  acid  are  formed. 

duUlv/ZTtbZmah^To  “ft  W™.*5* 

L*^arM  h, r^-^^"^a5£5s:  a^r:^ 

HXjTo  Zuwfa  T\lTo  “  *2?  the  laitoru  of  diacetyl-sJcharic  acid,  CtH4fo. C,- 
diamideit  a  white  powder.  ‘  M<momethyUru  Saccharic  Acid  (A.  292,  40).  Its 

its  dihydrazide  melts  at  210°  with  decomposition  (B.  21  R  186) 

qnite^imSTto^  A**  °?*i?ed  UpOD  oxi.dizing  I  giuconic  add  with  nitric  add.  It  is 
melting  at  214^  sacc  anc  acid,  but  is  bevorotatory.  It  also  forms  a  dihydrazide, 

O)  Mucic  Acid,  CO,H[CHOH],CO,H,  A  Mum  mucicum,  com- 
')  }  ,n  <^pstitution  to  dulcitol.  It  has  the  space-formula  No.  7 
.  59y-  I  hi»  is  also  evident  from  its  yielding  racemic  acid  on 

oxidation,  and  from  the  fact  that  it  is  formed  when  a-rhamnose  car- 
boxylic  acid  IS  oxidized  fp.  567 ;  B.  27,  3967. 

Jt  is  also  obtained  in  the  oxidation  of  dulcitol,  milk-sugar  (Prepara- 

1  r  ,i  n22,7’  224)>  d-  and  1-galactose,  d- and  1-galactonic  acid,  and 
nearly  all  the  gum  varieties. 

It  is  a  white  crystalline  powder,  almost  insoluble  in  cold  water  and 
alcohol.  It  melts  at  210°  with  decomposition.  When  boiled  for 
some  time  with  water  it  passes  into  a  readily  soluble  lactonic  acid, 
formerly  designated  par amucic  acid,  d-saccharo-lactonic  acid 
fp.  569;  B.  24,  2141). 

Reduction  changes  this  muci-lactonic  acid  into  Td  +  l]-galactonic 
acid  (p.  567  ;  B.  25,  1247). 

Mucic  acid  heated  to  140°  with  pyridine  becomes  allotnuc’.c  acid, 
from  which  it  can  be  reformed  under  similar  conditions. 

I  he  ready  conversion  of  mucic  acid  into  furfurane  derivatives  is 
rather  remarkable.  Digestion  with  fuming  hydrochloric  or  hydro* 
bromic  acid  changes  it  to  furfurane  dicarboxylic  acid  ( dehydrotnuetc 
acid)  : 

CII(OH)  .  CH(OH) .  CO,II  CII  =  c/C°aH 


<1 


H(OIl) .  CH(OH)  .  CO, 


xyi  ch  = 


>0  +3II.O- 


CO,II 


atTiooti  n'jmSiZ  jjzza. 
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T'lttz.  WOOC  aod  S  d0Q£  it  5t»-t£  CC  CaTDTC  —  tilde  2— - 

kc-jnet  fahxane  lama'agjfc  add  \£jr*mmac  mad)  : 

CJi4  rM  ^OCsH  ,  =  C*Hap-OCilE  -  JHX*  -  CXV 

">g«<  •*~d  'jfcT-'-si  sdi/dct  it  pasis  m  — tt ~  ~-cT  —  - •" 

i&ee  orV-irk  acat  (BL  18,  457X 

i-irri,  XH*  CO*  wd*aicr  axc  pcvdaoed  rac  the  c-v-.^:-n.— 
iad  3  betted : 


<V^^h,^#=c^#xh  -  xh,  ^  2CO,  -  4H/X 

«*,  c,h/xb4  /V  °y** 

ass  /1  fwry  cc-3  cao'J-^  rsat^_] 


Tie  xacrzZ  __ 

4mm he  oxs  &mexzw  m  ail 

XJZtT 

fiss*;/<sjr  SC.'J  Z  15^.  i  2c  2*n^fitfc?  3t3 
**»  f  4^7  fer  tie  acsaott.  of  FQ*  *cc*t  TrraciT.  idc.  _ 

“  sc  1 66-1 71 '.  b  ococaly  isscrrs.  d:  r 

vxji  pyrir  -e,  s^c 


Tae 


5  *"nWKk  Adi,  C^Jcty 


nir/r  *t|  frdJSL  k  B  ©CC 

ii^-ass  sttimckKi':  rB.  24.  213S  * 


tie 


~^>=rj=i c  Acad,  Oj^OlOHjOCi.H,  is  Woo 

d  Tt-tmemdc  Add.  mek5mg  wads  decsecpasckn  sc  15S*,  cud  rsscddag 
■*^aas»  «f  <S^ajesic  acac  £.24,36251-  . 

^-Tdmmmdc  Add,  fi  rr-i  rilT  c«r  csP  /fag  ^  i  i»«r  ccboiTar  ioa  (p-  *®7 
C®  *7«  _ • 

.  f7  Ivvtacciaric  Acid-  CO,H  CH.C&OH  OCHiOH  *  -  CH  -  CX^H, 

*•»  an- - .„  f  :-0  ™  r^^r-g  C  mmc  scad  a  19.  ^^S?-  “ 

*~**I^.  S3^^*2--^7l-V=  -  46IJ-  Tleaod^rff^d 
*'<**  of  B  dsrcrscrr-s  most  be  rtssrded  ss  ccewcacs  of  uawp^1" 
p«  m  be  o^rarfao  fanstd*  of  tbs  acid-  <>3=r  T“ 

vt  to  attavdjn:  sod  —  H/J-a*  ®» *°  tsawT*^  d  .  '•  ^; 

f*  ^.cbsd  *s  dsrtr^T*  Of  add :  far  «a=c  *e 

Af  SHi  „  =^£'-€  *-  73s-  *—  -  **  “>  “*  ****  ^ 

acid,  C*H/JT  C.1 
I  dwetyi  i^acck&ru  ezUr  i 


5r 

yv 

^  TSfA 


22  IOI5- 

SI  49'  (B.  27,  II*)- 


E.  PENTAOXYDICARBOXYLIC  ACIDS. 

Ptr^oxj^nmtYx  Acid.  Hrft*m?entd  dj*dd,  B 

pcdaced  fa  fr*-o**fatkm  of  glccsos  cmtexybc  aod  none  »cfa-  *«- 

«7«a^ae,  sad  ms Its  *t  Lir  ®  «9;.«9«7-  CQ,H  [CHOH  ^CC^H. 

^<£i£L  -r«»caA0XTlic  Acids:  £<^/  O^-^r.-^  E«tr, 

cj >,K  CO,R  CO,R  ,  .  . 

^ _ CH^  boOing  *t  210°  (jo  mm.),  is  obtsiaed  from  oxsjcsOc  eswr 

^  ^  -d  »iaol  coodsnsafroc  sad  ladcme  formstfao  (A-  *95.  347)- 
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O^So^Tca^0  AddS :  Ethjl  Dioxa]o^^  Ester, 

CO,R .  CO .  CH .  COjR*  rCS3::t5  03  <x*^a***l  svcank  ever  arrf  ©xa5e  «i~  «j& 

ssjCizjn  ahjUzt.  When  disdhed  tmder  great >  redoced  presto-  k  >«s  eart» 
mo&oride,  ®  becomes  ethane  tetracarioxjijc  ester.  Whea  k  is  tf  Jr- 
t»y  nusans  of  sdpisznc  acid  from  its  disocimn  crjcnpjayi  k  daga  to£%; 

DUza^sucxne.'autc'u  EzUr,  Cfj*R-  9  =  C^>*  , a 89*  (A.2&5. 11  . 

COjR.CO.CH.CX> 


CARBOHYDRATES.* 

This  term  ss  applied  to  a  large  clast;  of  compounds,  mcludizg  the 
natural  stgais.  widely  districted  in  nature.  They  coniaiu  six,  cr  a 
multiple  of  six  carbon  atoms.  The  ratio  of  their  hvdrogtt  2nd  cay- 
gen  atoms  is  the  same  as  that  of  these  elements  in  water. 

Mtst  of  toe  carbohydrates  have  their  origin  in  plants.  a-thocgb 
s:me  are  produced  in  the  animal  wgatiaD.  Those  which  ©cent  it. 
tie  vegetable  iingdom  meet  with  the  most  extensive  azzlicatiou. 

Carboa  v crates  serve  for  the  prepsualioo  of  alcoholic  drinks  z>.  122  - 
Starch  is  the  chief  ingredient  of  flour  from  which  bread,  the  most  im¬ 
portant  nutrient,  is  mace.  It  is  feese  stored  up  in  potatoes  at  1  ra  t 
fruits.  CeLmtee.  reared  to  it,  is  the  principal  constituent  ci  ir 
anh  is  applied  in  japer  rrnilrr  g  and  for  the  production  of  ext-ts  '  es- 
The  carbohy  iraies  in  con  unction  with  tr^  albuminoids  constitute  it' 
mtsK  important  coapomds fw  man. 

Their  molecular  magnitiade  is  tjy  of  their  arrangement  tto 

these  cases: 

Mewses,  <x  Mewsaccharides. 

Soeckaroeieses,  or  DisaccAaridcs, 

Sacckaroiricses,  or  Trisaeckarides, 

Pehsaedarides. 

The  monosaccharides,  mciudina  nrste  sun  ax  and  frutt  sugar.  — =•  - 
already  teen  chctsed  in  occrseJScn  with  the  heoimbic  aleobos, 
of  which  they  are  the  nrst  oridkioa  products  (p.  542). 

Nearly  a”  of  the  naturally  occurring  carbohydrates  are  rr-  ~-p 
adise  ;  drirsobuoK  rotate  the  t  Cane  of  poianzaii 00 -  The  ^c-  ' 
natatory  power  is  cot  truly  unhueneed  by  the  temperature  an  z  -  -j- 
cestiaiioa  of  their  solntioas,  but  xerv  frecuentij  also  by  ^Ne  +  -- 
seu.ee  of  iuauht  substances  (B-  21,  25SS,  2599)-  Same  rer^^' 


*  “  SxirVr.'r-T  ±ra-.~  vrci  B.  T  iGess.  “  Die  Cbexie  ore  Zada*®-  . 

H  O  i^xl  l^bcrr:*.: 33-  ^  H iff.  i^o>-  **  Dk  Qbenie  o=r  *A*  1 

Sr  oe  tx  L  Fadtg,  iv^ 
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of  some  plants.  While  the  bexoses  occur  mamlr  in  fhr*« 
is  usually  contained  in  the  stalks  of  plants.  '  *  '  ^ 

k*3  fceEO  fr'5ta  sag2*  &OE  dK  ezr>R  -  zutt,  % 

,  ^nc?  t^t  *  Sra,'ca-^  nstroaoced  *s  a  s weesatsag  ag^-_  I*  j- ,  -  y' 

u£  Ji^JZZZSZZT  “  k“  "x“i  “b^”“  ^  i 

^  1801  AcWd,  in  Siesta,' «arf  the  £r*  beet^gar  fectay,  Tie  c^eoKata 
farced  by  Xzpoieoa  I  oaseced  the  dendopaot  of  the  sew  sriLsr.-r 
dmog  tit  -as  =fty  years  Las  attained  a  ccestar.g.T  i^artaax^  importance k  V— -s- 
1 W  cocatrr  procoo*  afc^a  ocefcasrtb  of  the  uxal  szgar  yiic  cf  tie  »x  i  ^ 

403  Jacsrks  caiscnitd  9^^002  tou  1  tea  =  itec  !./.»  ct  ieex 
waicti  vere  oMafrsed  front  164,774  hectares,  s£*i  gaTe  U>  cte^^trtt  1. 144.  i;  -4c* 
ol  L®et from  vhica  the  censor  gathered  ^2/aoajooo  1L  nmzsse  - 

lecrmual  Prepar&uin  %—Tte  cszjt  sc gar  is  best  res»r*d  frtet  the  ace  tit  rtes. 

,  ®*v  teas  by  the  din  _  •  on  process.  The  jatiary  t~~*  irtss 

***”“*£***  “:i  wa^?  »b«eas  the  avoids  m  the  tarter  ressah.  be±aL 

The  Etered  sap  is  heated  to  So-gcr  with  «*-  *  of  lime,  to  sat=rte  lie  ads.  ek 
precipitate^  the  zlbcadz>',:d  sttsiitti  The  Race  is  ate  sat=rat*i  wih  tarteja. 

pooffipiiMic  add,  or  SO,  arrestisg  fersestzxc.  .  Etered  irx<t  T!Tg- 
ttwspatai,  ^  fc^r  e*2j>xsfid  m  z&citum  /*3jk;  to  a  ^  rrx.  ox 
ci  s:?2r  sspems  oq  cooSb^.  Tie  rzw  si^r  obx^:  ss  ±j  zi> 

EeT  ^  renaer  peiai  wisa  at  pc^t  K2gzr  souskfi,  it  ootrifapl  ^  — 

r  pined  sugar. 

:y2Szr  IZ^J  bn  cfctzraed  tr/s  srr~^ BKtb5r  .irax—tbs  -rixii  'XJTt 

be  breegra  to  errstz^ratke  : 

l)  Bv  ezmeziz.  ccjoiz^  Epoc  tEsaoc  ir.cgi  paedhf  *  ;z:err  i 
ssi^zr  to  filter  preses. 

(*)  Bj  tsxllIzm*  (eUai  *5cse££cr.  1&65  . 

sc-oole  s&orogrzigs  of  it^  zrji  cbtamec  fnci  lie 

cio  a.-fes  see  below  zod  tbese  are  &t?tc  feom  inpBrkies  zj*  we>b_og  wro  tzzjzzzz 

ci- «re  2xood  (dxicc  .  Tbe  periiei  are  zr-fnrzri 

tflC  J£>»Ce  Tljd  is  tr^r  cicilliti,  2C£?  tie 

122;. 


worked  cp. 

The  ttv  irres  i»  &-  V >  mdeed  izro 


Properties.  When  its  solotioiis  are  eT2>:rEjed  s»owlv  can-  ^r^- 
sefara^  large  rooncx^mic  prisms,  and  dissolves  io  Ji  psn  viin 
cf  njedrnn  temperature;  it  dissolves  wiiii  ciSaLtv  :u  axenn  --f 
sn.  gr.  ccna_s  i.6c6.  Its  rea]  rotatorv  power,  A>?  ai  20'  2 
(®-  I7*  *757,  -  Cane  sngar  melts  at  160°,  and  oo  cooling  ^ 

to  an  amoephos  gasr  rase ;  in  time  this  again  becomes  aj^ — ^ 
and  nQP-tum|Uie»L  At  190-200°  it  ci^ges  to  a  hro*®  ^ 
errsta — za^.e  mass,  called  sirameL  wrfaicii  appHotim  in  colot^ 

IkpKHTS. 

Tbe  qnan  irv  of  srgar  in  solsticn  mar  be  determined  tv  polarise 
coc,  T^ng  the  appararr^  of  SoUH-Vemtsii-ScJuihUr,  or  tbe  b  '  “ '  ^ 


*  Eh 

■A.  W.  Hi 


iUl 

t  Sgw~mseaes  Jaisrxeik  fix  czs 

4- 


yJuxe  to 


Reach. 

_  -  -  ^*24,  174. 

Hsa-  A  Temaufi*^,  Feri  Fwoer,  1553.  S.  451-eSi 
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tion  produced  by  iodine  is  characteristic  of  starch,  both  the  soluble 
variety  and  that  contained  in  the  granules  (B.  25,  1237  ;  27,  R.  602  • 
28,  385,  783).  Heat  discharges  the  coloration,  but  it  reappears  on 
cooling.  Consult  B.  28,  R.  1025,  for  a  quantitative,  colorimetric 
method  for  the  determination  of  starch. 

Boiling  dilute  acids  convert  starch  into  dextrine  and  d-glucose 
(Kirchhoff,  1811).  When  heated  from  160-200°  it  changes  to  dex¬ 
trine.  Malt  diastase  changes  it  to  dextrine,  maltose,  and  isomaltose 
(p.  576)  (B.  27,  293).  This  is  a  reaction  which  is  technically  con¬ 
ducted  on  a  large  scale  in  the  manufacture  of  alcohol  from  starch  (p. 
122). 

(2)  Paramylum ,  (C6H10O5)„,  occurs  in  the  infusoria  Euglena  viridis.  It  is  not 
colored  by  iodine,  and  is  soluble  in  potassium  hydroxide. 

(3)  Lichenine ,  (C6H10O5)„,  moss-starch,  occurs  in  many  lichens,  and  in  Iceland 
moss  ( Cetraria  islandica).  Iodine  imparts  a  dirty  blue  color  to  it.  It  yields  d-glucose 
when  boiled  with  dilute  acids. 

(4)  Inulin  is  found  in  the  roots  of  dahlia,  in  chicory,  and  in  many  Com  posit  as 
(like  Inula  heleniuni).  Iodine  gives  it  a  yellow  color.  When  boiled  with  water  it 
is  completely  changed  to  d-fructose. 

(5)  Glycogen,  (C6H,0O5)n ,  animal  starch,  occurs  in  the  liver  of  mammals.  Boiling 
with  dilute  acids  causes  it  to  revert  to  d-glucose,  and  ferments  change  it  to  maltose. 

The  Gums,  (C6H,0O5)n. — These  are  amorphous,  transparent  sub¬ 
stances  widely  disseminated  in  plants;  they  form  sticky  masses  with 
water  and  are  precipitated  by  alcohol.  They  are  odorless  and  taste¬ 
less.  Some  of  them  yield  clear  solutions  with  water,  while  others 
swell  up  in  that  menstruum  and  will  not  filter  through  paper.  The 
first  are  called  the  real  gums  and  the  second  vegetable  mucilages . 
Nitric  acid  oxidizes  them  to  mucic  and  oxalic  acids. 

Dextrine,  Starch  Gum,  Leiocome. — By  this  name  are  understood 
substances  readily  soluble  in  water  and  precipitated  by  alcohol ;  they 
appear  as  by-products  in  the  conversion  of  starch  into  dextrine,  e. g., 
heating  starch  alone  from  170— 240°,  or  by  heating  it  with  dilute 
sulphuric  acid.  Different  modifications  arise  in  this  treatment :  aviylo- 
dextnne,  erythrodextrine,  achroodextrine  ;  they  have  received  little  study 
(B.  28,  R.  987;  29,  R.  41).  They  are  gummy,  amorphous  masses, 
whose  aqueous  solutions  are  dextro-rotatory,  hence  the  name  dextrine. 

1  hey  do  not  reduce  Fehling’s  solution,  even  on  boiling,  and  are 
incapable  of  direct  fermentation  ;  in  the  presence  of  diastase,  how¬ 
ever,  they  can  be  fermented  by  yeast  (p.  122).  They  are  then  con¬ 
verted  into  d-glucose.  I  hey  yield  the  same  product  when  boiled  with 
dilute  acids.  The  dextrines  unite  with  phenylhydrazine  (B.  26,  2933). 
The  yeast  gum,  present  in  yeast  cells,  has  been  isolated  (B.  27,  925). 

Dextrine  is  prepared  commercially  by  moistening  starch  with  two  per  cent,  nitric 
acid,  allowing  it  to  dry  in  the  air,  and  then  heating  it  to  lio°.  It  is  employed  as  a 
substitute  for  gum  (B.  23,  2104). 

Arabin  Gum  exudes  from  many  plants,  and  solidifies  to  a  transparent,  glassy, 
amorphous  mass,  which  dissolves  in  water  to  a  clear  solution.  Gum  arabic  or  gum 
Senegal  consists  of  the  potassium  and  calcium  salts  of  arabic  acid.  The  latter  can 
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It  ex^jod^s  viaiGEi-v  if  fired  in  emcias^sd 
bsms  grr^'y  via  i gnhec  is  ibe  sir.  bzr  docs  act  apeodc.  Coerce  ixrcssi 
l^z  nine  id  the  .+rrw\7if  *  wrxrz*  dxrsre  of  3D  psrts  pn.T»rixec  nnre  iz*  1  50  pe-3 
^Denanied  f^phsxic  acid  lenee?  safaMr  fywmxyBM^  which  d2SO>es  in  e±er  co»- 
mirf  ikoboL  Tbe  soiffix*!-  tested  £3ii^«.  k^res  me  njmxy^  31 


mr.-n;  s. 


It 


fry^inryw.  2D  the  ICC®  of  &  thm,  ^CC  50 — —  '■fXLer. 

pkyred  in  cotctm  woods  tad  in  pboaf^T- 

In  fN-wr* -^-*cr •!.:  n  COCCB  IS  t/.. ,® *#'/  AonMU&^t  O.XOj  ^ 

tW  ^^xarrl®.  scisiie  b  ether  oi  ikcbD..  is  esscim  y  a  -  •• 

X0,‘40^‘*ad  i/wa  K.T2i'.C!JIB  O.  NOjC,Oj  B.  *3»  .  .  . 

Cduoqob  asoliwi  in  nkrogiyoexol  (espi  pe^cs  expksrre  :t  :c 

soiees  pcwdff  ^  R  27.  R.  537). 

(V^w  i>  x  iniitnre  of  siircceLt^osc  ir>r  oh(boc.  It  is  a  i-n.  s - 7  nx — 

It  possesses  the  disacTarm^e.  mem  a  technic*:  stazmpccni,  msi  s  icms  tcsj  ix- 
plkilT  ®-hen  n  his  seen  oocc  i^oired. 


ANIMAL  SUBSTANCES  OF  UNKNOWN 
CONSTITUTION. 

New  that  the  description  of  the  aliphatic  bc-dies  has  b?e:t  cc_- 
cloded.  certain  snhstances  of  animal  origin  will  be  mentored.  Tfc=n 
exhaustive  treatment  property  belongs  in  the  province  of  PS1‘ mc;  -  hT 
chemistry.  It  is  especially  noteworthy  that  very  frequently  we-'---;"r 
am: co-acids  of  the  aliphatic  series  are  found  among  me  cecctnpct-..  - 
products  of  these  rather  enigmatical  bodies.  Many  o:  the  sersmt^* 
described  in  the  following  pages  occur,  both  in  the  vegetable  ar  - 
mal  kingdoms,  in  closely  reiated  modifications  of  uncertain  c.-'-1 
don.  e.  gt,  the  albuminous  bodies,  the  nacielnes.  the  cbolesterines. 
enzymes.  etc.,  and  also  the  (p.  57a  and  iV-"-- r~' 

475),  which  have  already  received  mention. 


the 


ALBUMINOUS  SUBSTANCES,  ALBOMIIUTES.* 

These  were  formerly  known  as  protein  substances,  and  -or7_\r 
principal  constituents  of  the  animal  organism.  They  ^ 
r  ams  (chiery  in  the  seeds  .  in  which  they  are  produced  __s. 

When  absorbed  into  the  animal  organism  as  nutritive  pat-^ 
tain  bat  very  slight  a. :e ration  in  the  process  of  assttm.atm— 


m  H  R*I- 

♦Die  Ertsirn  cer  Getrs:«re».  H  tse. Iral ek e-:  bean.-*-^  ^  T5S, 
icsfs,  l;*a  Hicirccr  is  pc ts*cv ogisch -  cad  ]_*zjcS-- 

ee  F.  Hofpe-Se£«.  1S95.  -  Eiicisictpir.  '  Aitiei  vjq  i.tscc>.- 
ksr's  Hici»  ,  iSSc 
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The  albuminates  are  usually  insoluble  in  water.  Tlieir  presence  in 
the  juices  or  fluids  of  the  living  organism  is  entirely  due  to  the  pres¬ 
ence  of  salts  and  other  substances,  which  are  but  partly  understood. 
1  hey  ate  insoluble  in  alcohol  and  ether ;  most  of  them  are  precipitated 
on  boiling  in  weak  acetic  acid  solution,  also  by  acetic  acid  and  potas¬ 
sium  ferrocyanide,  or  acetic  acid  and  sodium  sulphate,  and  by  certain 
mineral  acids,  as  well  as  by  salts  of  the  heavy  metals. 

Many  albuminous  substances  are  separated  from  solution  by  boiling 
by  alcohol,  by  mineral  acids,  etc.  They  ar z  coagulated.  Their  solu¬ 
bility  is  entirely  changed.  1  his  is  not  the  case  with  the  so-called 
propeptones.  Propeptone  precipitated  by  alcohol  dissolves  after  the 
removal  of  the  latter  as  readily  in  water  as  before  the  precipitation. 


Reactions.  -All  albuminous  bodies  arc  colored  a  violet-red  on  warming  with  a  mer¬ 
curic  nitrate  solution  containing  a  little  nitrous  acid  (this  is  like  tyrosine)  (Millon’s 
reagent).  A  yellow  color  is  produced  when  they  are  digested  with  nitric  acid.  This 
becomes  a  gold  yellow  on  neutralization  with  ammonia  (Xanthoproteic  reaction ).  The 
albuminous  substances  yield  beautiful  violet-colored  solutions  on  digesting  them  with 
urning  sulphuric  acid.  Caustic  potash  and  copper  sulphate  also  impart  a  red  to  violet 
coloration  to  albuminous  solutions  {Biuret  reaction )  (B.  29,  1354).  On  the  addition 
o  sugar  ant  concentiated  sulphuric  acid  they  acquire  a  red  coloration,  which  on 
exposure  to  the  air  becomes  dark  violet.  If  concentrated  sulphuric  acid  be  added  to 

lfCe  1C  aF'.  so  ubon  of  albuminous  bodies  they  receive  a  violet  coloration  and  show 
a  characteristic  absorption  band  in  the  spectrum. 


e  manner  of  distinguishing  and  classifying  the  various  albuminous 
su  ^s  ances  is  yet  very  uncertain.  The  original  albumins,  occurring  in 
nature,  are  albumin,  globulin,  casein,  gluten  proteins,  etc.,  while  the 
secondary  modifications  obtained  from  them  through  the  agency  of 
c  lemica  s  or  ferments  are  :  acidalbumins,  albuminates,  coagulated 
albumins,  fibrins,  propeptones,  peptones,  etc. 


any  °  t  iese  modifications  result  from  the  breaking-down  of  the  molecule  of  the 
origina  a  jurnin.  It  is  well  worth  noting  in  such  instances  that  the  decomposition 
p  o  uc  s  1  maintains  the  essential  character  of  the  albuminous  substances  just  as  the 
1  n\olecules  yield  molecules  of  grape  sugar,  which,  like  the  starch,  continue  as 
o  ly  ra  es.  he  breaking-down  of  the  original  albumin,  in  the  reactions  referred 
o,  is  proved  by  the  astonishing  fall  in  molecular  weight.  This  has  been  partly  de- 
ermined  by  the  method  of  Raoult  (p.  32)  and  in  part  by  testing  the  electric  con- 
my  (k  a^c  •  rcfi-  Physiol  og.  5,  337).  The  decomposition  is  also  evidenced 
>y  the  fact  that  the  proportion  of  the  carbon  to  the  nitrogen  in  the  decomposition 
proc  uc  requent  y  varies  from  that  in  the  other  decomposition  product,  just  as  much 
asn  varies  between  these  substances  in  the  parent  body  (Schmiedeberg,  Arch.  exp. 

a  1.  39)*  his  decomposition  of  the  albumin  molecule  is  a  hydrolytic  decompo¬ 
sition.  bee  albumin  substances,  p.  583. 

In  a  certain  number  of  secondary  albumin  modifications  ammonia,  sulphur,  and 
amido  acids,  like  leucine  and  tyrosine,  etc.,  have  been  split  off,  without  the  loss  of 
the  essential  character  of  the  albumin. 


)f  pre-eminent  importance  is  the  fact  that  the  organs  of  the  living  animal  body 
have  the  power  of  synthesizing  the  original  albumin  from  the  products  with  lower 
molecular  weights.  I  his  is  certainly  similar  to  the  formation  of  glycogen — the 
animal  starch,  from  grape  sugar,  in  the  liver. 

Many  substances,  not  all  of  which  have  heretofore  been  classed  as  albuminous 
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substances,  split  off  sugar  when  treated  with  acids;  they  are  therefore  glucosides* 

(Z.  physiolog.  Ch.  12,  389).  . 

1.  Albumins,  soluble  in  water,  dilute  acids  and  alkalies,  dilute  and  saturated 

solutions  of  sodium  chloride  or  magnesium  sulphate.  Coagulated  by  heat.  Serum-, 
egg-,  milk-,  and  vegetable  albumin  belong  in  this  class.  Nitrous  acid  converts  egg 
albumin  into  yellow  desamido-albumin.  I  his  is  still  digestible.  It  does  not 
show  the  biuret  reaction  (B.  29,  1354).  .  . 

2.  Globulins,  insoluble  in  water,  but  soluble  in  dilute  solutions  of  sodium 

chloride  and  magnesium  sulphate.  These  solutions  are  coagulated  on  boiling. 
Magnesium  sulphate  at  30°  precipitates  them  without  any  alteration  in  properties. 
This  class  contains:  Myosin  (muscles),  fibrinogen  (in  the  living  blood),  chang¬ 
ing  under  the  influence  of  fibrin  ferment  to  fibrin;  fibrin  globulin,  obtained  from 
fibrin  by  means  of  trypsin  ;  serum  globulin ;  crystal-lens  globulin  and  vitelhn  (in 
the  yellow  of  the  egg).  .  , 

3.  Caseins. — Milk  casein  behaves  in  general  like  an  albuminate  (see  under  0),  but 
is  distinguished  by  the  fact  that  whey  enzyme  precipitates  it  in  neutral  or  feebly  aci 
solutions  in  the  presence  of  soluble  calcium  compounds.  I  his  is  not  the  case  wii  1 
the  albuminate  (B.  29,  R.  913).  The  casein  of  milk  appears  also  to  be  combined 
with  a  phosphorus-containing  body,  e.  g.,  with  nuclein,  l  or  this  reason  some  writers 
class  casein  with  the  nucleo-albumins. 

Caseins  also  occur  in  plants.  ,  .  ,  .•  t„  ,u« 

4.  The  Gluten  Proteins  are  characterized  by  their  physical  proper  les.  . 

hydrous  state  they  are  pasty,  elastic  masses.  They  only  occur  m  w  ea  >  • 
Here  they  constitute  the  chief  essential  for  bread-making.  Gluten  is  inso > 
water,  and  sparingly  soluble  in  water  containing  a  very  little  1  u .  e  a  aluteri 

Its  solubility  in  alcohol  (60-70  volume  per  cent.)  is  very  characteris  1  .  •  r:.» 

proteins  when  decomposed  yield  large  quantities  of  g  utaminic  ac  • 

hausen,  obtained  not  less  than  25  per  cent,  of  glutaminic  aci  o  hydro- 

,  5-  Acid  Albumins  or  Syntonins  are  insoluble  in  water  ^ 
chloric  acid  or  a  soda  solution,  do  not  expel  carbonic  a^Jro  alkalies  and  alkaline 
are  precipitated  in  acid  solution  by  neutral  metallm  “1“  °^  alb„minsare  produced 
earths.  Caustic  alkali  converts  them  into  albumin  .  or  wjth  other  acids 

on  treating  the  albumins,  globulins,  etc.,  with  hydochlonc  acid,  or 

(B.  28,  R.  858).  ,  readily  soluble  in  dilute  acids  and 

6-  Albuminates,  insoluble  in  water  and  s  ,  bonate  They  can  be  precipi- 
a  soda  solution,  expel  carbonic  acid  fro™  ca  cl solutions  by  saturation  with 
tated  without  alteration  from  acid,  as  well  a-.  a  earths.  The  albuminates  are 

solutions  of  neutral  salts  of  the  alkal.es  *nf  “'"d1,^lh  callstic  alkali.  ,  , 

produced  wli^n  albumin,  globulin,  etc.,  ar  *  _ They  are  insoluble  in  water  and  salt 

7-  Coagulated  Albuminous  Substances.  obtained  by  heating  other 

solutions,  and  scarcely  soluble  in  °llaU'  *  .  •'  mjneral  acids  and  metallic  salts, 

albumins,  or  by  the  addition  of  alc°*|° ’  ,  soluble  in  a  salt  solution,  and  in  other 
8.  Fibrins,  insoluble  in  water ,  scarcely  a  ferment  in  discharged  blood-  1  he 
salts,  or  in  dilute  acids,  formed  from _gl  accon]jng  to  the  investigations  of  Schmiede- 
process  of  blood  coagulation  is  exp  f0|iowing  equation  : 
berg  (Arch.  exp.  Path.  31*®)  t  y  M  cn 

(CMIH,wNMSOtt)t  +  H.O  =  C,„HKNO„SO„  + 

Fitr,,,°gen  (B  2Q  R.  518).  Certain  modifications  are 

assist  y  gs? 

process  of  digestion.  ^  higher  temperatures.  The  albumoses  cannot  g 

solution  at  30°,  an _ _ _ _ _ — - - ’ 

*  The  Physiology  of  the  Carbohydrates,  by  I  avy. 
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Giyeocoll,  leodrse,  and  other  zsa&s-mzj  adds  are  tie  prise-*!  -r> 

docad  oo  boiling  gelaaoe  with  dilate  sclpburic  add  or  fcoial  uy  v 
heated  with  bydrocoiork  add  on  a  vatcr-bata  there  rriafcr  a  jdaria  pratui. 
hydrate,  soluble  m  anhydroos  meti-yi  and  ethyl  alcohol.  The  gl-tirs  peptones  <JS 
l*  oixi-ned  from  it-  Dry  disbilatkn  prodaces  pymaJ  and  pyriine  beans  rsme-vL 
Glatin  peptone  contains.  as  by  ks  btharkr  wki  skroes  add,  &  W.-  ^ 

c^ereia  kinds  of  N-asccx.  One  of  these  exists  as  XH,,  tie  sesxcd  as  NH,  a-.'  ?>,» 
ti  re  as  a  •.•rtay  X-atom  B.  29,  1064). 

AkoboBc  hydrochloric  add  changes  gelatine  into  a  c onEpornd  •'-■*•  rxr-jes  acii 
ct«xtrt5  into  a  sebfiaoce.  (^H,N^)P  t«t  sic  lar  to  Lac  diazo  faerr'adds.  it  xai  vc 

tkat  k  represents  diazo-oxyacrybc  ester,  CX,  :C  OHy.  CO, .  C,HS  3.  19,  Sjc 

A;tboogh  glatin  in  its  composition  is  very  similar  to  albrm In,  It 
cannot  replace  the  specific  functions  of  albnmin  is  the  animal 
metabolism. 

*®d  cartiLsginoos  tresoes  are  orctinced  according  as  crit  SMC^txm 
arc  zrrarged  in  txeir  gtasaocs  tars  by  .;bc  cc  r  jzjn  or  O1  *c~. 

Choaorin  ibl.!*  00  txkliag  ordinary  cartilage  It  b  a  mizrrrc  of  g  —  e.: 
certzra  ccetccads  of  caoodnd-siLpfaQnc  add  wkh  gelatine  and  abexrot!  ioies 
c®  dse  oos  side  and  axkjes  x  ire  other  vtig z&ia. »t*  Arch,  ext-  Pakx  ttt 
PbaraaakoJ  at).  * 

scnaaeieiexg  repreeta  the  oocsdtrtx  of  dbodnei'Sttdne  add  as  15^0*1 : 


CO .  CO .  CH, .  OO .  CR, .  CO .  CH, 


[CB.OHl, 


drat  stpenne  add  ghe  the  reaokes  of  so-eded  r  W^-~ 

Chitm  teJeegs  lo  the  das  of  sZsznces  preset  ki  boee  cartilage.  It  B  toe 
Qisef  cocpootat  of  the  sbeZs  of  cr*t&,  Idbsau  ac.  Its  itt-r=stlg  10  :casr« 
yZL  ks  z^zrogen  tiy&  is  gbu'&z&mixe  Dl  550  ,  brrzi***  Leoderr-ose  Z-  ^  ** 
-«5^^r«ed  tfat  when  csn^H  »  decxgr^cscd  wkii  rydrochJcr'-*-  Jg^ 

sxi  acid  real  Hence,  Srl—ifiV  i,  &  bejprt:  ^  ^  SoEummt 


C*K~XAj  -f  4H.0  =  aC^HjjXq,  —  3CH,-  COjH- 


^  IfCT  lr^. 
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UNORGANIZED  FERMENTS  OR  c.NZiM=-s- 

Unorganized  ferments  playing  an  important  part  in  fermentation, 
fc  man?  proceKs  of  decay,  and  to  digesnoD,  appear  to  te  cfoedy 
•.'ated  to  the  aibuminous  substances.  They  are  so,n  -  > 

-at^  destroy-,  their  activity.  Enaym^  are  the  ca^of  the 
trdroksts  of  glacorldes,  and  in  fenDertat.ontheTroleafea^^  - 

the  deiompo^cmof  the  polysacchandes  wtaAare»  £  «|- <«- 
rbcmides.  The  configuration  of  the  gtacoades  (B .  28,  9»4, .  M  91 
kercltes  a  very  definfte  infioence  npon  the 

Toe  following  are  of  vegetable  ongin  :  mus- 

emuhin  or  synaptase,  present  in  u{c^  Q{  animals  we  have 

laid  seeds,  papain,  etc.  In  tne  digest!  J I _ digested;  in  the 

(xt£Q,  saliva)  in  the  saliva,  pepsin^*,  cDgesiea; 

gastric  j  iice,  and  other  enzymes. 


vail  in  regard  to  the  origin  of  the  tter 
uminous  bodies  has  never  been  determined. 

tv  ls2\  melting  at  igy  > 

Cholalic  Acid.  C.H  OJB.  ^33Jt 

en  anhTdroos,  is  a  ^.3  with  taunru  a»*r-  ^ts  in  the 

moo  of  taarocbobc  aod.  Oiyoo- 

In  preparing  cboialic  aad,  -  —pound  wtd»  ,odV,; 


*»'-V  i-uro-  and  tanrococ^-  -** 'fZjinu  add-  C„Hfc04, 
□on  of  taantdiotic  aod. add-  C»H-?*,i^ce  quite  similar  to  that 
.  In  preparing  cb oial*  compound  w,Jh^^iS  »*h  potassium 

e  been  discovered-  It  fo*®5  g  R.  720).  aad  (B-  29,  R-  346  >- 

*  by  starch  and  -odine'B.  Ai  3g^  bat  also  o-pbthabc 

zanganaxe  it  yields  not  on.,  (raO/MN,  OX  J 

„  v'ti  rH..  CH,  -  V  :i~a  ~it h 


u  07  scarcu  w  acetic  acid,  dui  —  “  1 

aanganaxe  it  yields  not  on  y  qqW  (ra-jpoc,  OX ; 

.  r  H  CX-NH  -  CHV  ^’  Vwhen  boiK  with 

raurocholic  Acid,  C“"^a‘u,r  and  alcohol,  and  wh 

i.  gall),  «  ver>  ^rholaiic  acid  and  at  i33°-  « 

er  breaks  up 


and  taurine  (P-  3°^*.  t  ,  or 

r&  UP  in“4b<S.H»o"NH  '  CHf  :^Su'a^  choW.?c3acid 

iliolcsterine,  Cr^  •  feofoer- 

?“ -d  S  dSiSS 

from  e,hedr  r 

.C  ^itb  scarcely  an)  (g.  27,  R.  3OI)>  15  fonne  > 
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the  reduction  of  its  chloride, 
products  of  cholesterine. 


See  B.  29,  R.  90 6,  for  the  oxidation 


Lanoline,  obtained  from  raw  sheeps’  wool,  contains  esters  of 
.  cholesterine  and  isocholesterine  (melting  at  138°)  with  the  higher 
fatty  acids.  It  is  applied  as  a  salve,  as  it  will  take  up  water  and  is 
absorbed  by  the  skin.  s 


The  soaps  resulting  from  the  saponification  of  lanoline  were  found  to  contain 

i]a^orU  AC!d'  So1/**0*,  melting  at  104°,  Lanopalminic  Acid,  Cj6H3203,  melting 
at  87°,  mynstic  acid  (p.  250),  and  Carnaubaic  Acid,  C^H^O,  (B.  29,  II90)  g 


Substances  similar  to  cholesterine  have  also  been  detected  in  plants 
Fhytosterine,  isomeric  with  cholesterine,  is  present  in  plant  seeds  and 
sprouts  (B.  24,  187).  a-  and  fi -Amyrines  (B.  24,  3836)  obtained  from 
elemtresin ,  as  well  as  lupeol  (B.  24,  2709),  present  in  seed  shells  of  Lu - 
pinus  Luteus,  are  similar  to  cholesterine. 


INDEX 


Aceconitic  acid,  519 
Acediamine,  270 

Acetaldehyde,  75,  i95>  244>  295>  3°3> 
407 

hydrazone,  207 
Acetaldoxime,  206 
amide,  246,  265 
amidine,  270 
benzalhydrazine,  265 
bromamide,  265 
chloramide,  265 
dibromamide,  169 
guanamide,  412 
guanamine,  412 
hydrazide,  265 
hydroxamic  acid,  270 
imidoethyl  ether,  269 
succinic  ester,  501,  53° 
imide,  502 

tricarballylic  ester,  502 
Acetals,  124,  200 
Acetates,  245 
Acetic  acid  (glacial),  245 
amide,  265 

anhydride,  261 

ester,  255 
salts,  245 
fermentation,  244 
fungus,  244 

Acetines,  475  2  .02 

Aceto-acetic  acid,  210,  37 
Acetoacetic  aldehyde,  319  ^  439 

f|iSrb.3/one,  4»5 

nitrile,  37& 

Aceto-acrylic  acid,  3  2  g8 

butyl  alcohol,  217  3  # 

butyric  acid,  34 

chlorhydrose,  55 

nitrile,  *68, ,79 


Acetol,  317  e 

Acetone,  2i4>  24^>  372>  472>  4*  4 
alcohol,  317 
chloride,  102,  218 
chloroform,  214,  3 37 
diacetic  acid,  5°3 

dialkyl  sulphene,  218 
dicarboxylic  acid,  5o1 
dioxalic  ester,  538 
ethyl  mercaptol,  218 
glycerol,  476 
monocarboxylic  acid,  37 
oxalic  acid,  484 
phenyl  hydrazone,  221 
semicarbazone,  405 
Acetonic  acid,  337.  ~ 

Acetonyl  acetoacetic  ester,  4^4 
acetone,  324 

dioxime,  327 

acetonosazone,  328 

urea,  4p2 
uric  acid,  4°2 
Acetoxime,  220 
Acetoximic  acid,  3*7 
Acetoxyl  oxamide,  43° 

A  valerolactone,  3»° 

A«coxym,lf  anhydride,  495 
i':“uC“~ce.ie,tar  484 

y  acetonamine,  319 

acetone,  323.  4°° 
bromide,  259 
butyryl,  322,  . 

methane,  324 

carbinol,  3I7>  47 b 
chloride,  1 19.  *65-  259,  4»4 
cyanacetic  ester,  499 
cyanide,  37°  . ,  8 

dibromacryhc  acid,  383 
disulphide,  262 

ethyl  carbinol,  317 
formic  acid,  369 

formyl,  321 
glutaric  acids,  502 
glyoxylic  acid,  4°4 
iodide,  259 
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Acetyl-isobutyryl,  322 
isocaproyl,  322 
isocyanate,  418 
isovaleryl,  322 
lactic  acid,  340 
laevulinic  acid,  380 
malonic  acid,  499 
methyl  carbinol,  317 

ethyl  ketone,  322,  324 
nitrolic  acid,  371 
propyl  ketone,  322 
mucobromic  acid,  365 
propionyl,  322 

hydrazone,  328 
methane,  322 
osazone,  328 

pseudo-sulphocarbamide,  410 
pyroracemic  acid,  484 
sulphide,  262 
urethane,  394,  418 
Acetylene,  82,  95 

alcohols,  132 

dicarboxylic  acids,  96,  468 
dichloride,  105 
dinitro-diureine,  400 
diurea,  400 
glycols,  297 
tetrabromide,  104 
tetrachloride,  103 
Acetylidene  dichloride,  105 

tetrachloride,  103 
Achroodextrine,  578 
Acid  albumins,  583 
amides,  262 
anhydrides,  259 
chlorides,  257 

decomposition  of  acetoacetic  ester, 

375 

of  oxal-acetic  ester, 

499 

esters,  253 
haloids,  257 
hydrazides,  265 
nitriles,  266 
peroxides,  261 
Acidyls,  544 

Acidyl  thiocarbimide,  425 
Aconic  acid,  495 
Aconitic  acid,  518 
Aconit-oxalic  ester,  539 
Acridine,  74 
Acrite,  541,  588 
Acrolein,  208 

ammonia,  208 
bromide,  208 
Acrose,  587,  208 
Acrylic  acid,  280,  334 


Activity,  optical,  46,  67 
Adenine,  516 
Adenylic  acid,  584 
Adipic  acid,  454,  538,  569 
Adomte,  534 
Agave  americana,  576 
Agavose,  576 
Alacreatin,  412 
Alanine,  356 
Albuminates,  580 
Albumin,  crystallized,  581 
Albuminous  bodies,  583 

coagulated,  583 

Albumins,  583 
Albumoses,  583 

Alcohol  acids,  329,  479,  485,  521,  527, 
529,  564,  567,  569,  571 
Alcoholates,  124 
Alcoholic  fermentation,  120,  547 
Alcoholometer,  1 23 
Alcohols,  109,  289,  469,  519,  533,  540 
conversion  of  primary  into  sec¬ 
ondary  and  tertiary,  H5» 
116 

Aldazines,  535,  546 
Aldehyde  acids,  363,  568 

alcohols,  315,  477>  52°>  53b 
542 

alkylimides,  161 
ammonia,  124,  205,  402,  407, 
408 

chloride,  201 
cyanliydrins,  35° 
dihaloids,  201 
form,  319 
halohydrins,  202 
haloids,  102 
hydrazones,  207 
imides,  192 
resin,  196 

Aldehydes,  39,  53>  x®7»  224 

Aldehydo-galactonic  acid,  5°9  « 

ketone  carboxylic  acids,  4^  j 
ketones,  321,  479>  547 
Aldines,  319 
Aldo-heptoses,  553 

hexoses,  548,  557 
monoses,  553 
octoses,  553 
pentoses,  534 
Aldol,  213,  316 

condensation,  193 
of  diacetyl,  520 
Aldoximes,  206 
Aliphatic  substances,  77 
Alkali  metal  alkyls,  184 
Alkanes,  79 
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Aik  arsine,  1 77 
Alketnes,  $o$ 

Alkenes,  So 
Alkincs,  95 

Alkyl acetoacetic  esters,  377 
Alkylatnines,  1 59 

Alkyl  Ammonium  compounds,  159 
cyanides,  266 
disulphides,  150 
dithiocarbamic  acids,  407 
succinic  acids,  444 
Alkylen  diamines,  3 II 
imides,  313 
nitrosates,  319 
nitrosites,  319 
oxides,  298 
Alkyl  haloids.  138 

hydrazines,  I7ii399 
hydroxylamines,  172 
phosphorus  compounds,  173 
Alkylens,  89 
Alkyls,  79 
Allantoln,  504 
Allanturic  acid,  504 
Allene.  89,  98 

tetracarboxylic  acid,  533 
tricarboxylic  acid,  5*9 
Allium  sativum,  150 
ursinum,  149 
Allocinnamic  acid,  50 
Allo-crotonic  acid,  282 
isomerism,  50 
Allomucic  acid,  571 
Allophanic  acid,  403 
Alloxan,  508 
Alloxanic  acid,  509 
Alloxantin,  509 
Allyl  acetic  acid,  284,  3461  ■  4*1 
alcohol,  130,  131,  2°^>  277 
amine,  169 
cyanamide,  42^ 


cyanide,  54 

ether,  136 

ethyl  ether,  143 

haloids,  106,  142 

iodide,  53i  99;  *43.  *77.473 

isosulphocyamc  ester,  423 

malonic  acid,  2b4»  457 


mercaptan,  149  0 

mustard  oil,  54*  4  5* 
rhodonate,  54*  J43»  4  3 

succinic  acid,  4°7 

sulphide,  143*  x5  |  cster>  406 

sulphocarbannc  et  > 

sulphourea,  4°9 
trichloride,  472 


urea,  399 


Allylene,  97,  99,  215,  465 
Allylin,  476 
Aluminium  alkyls,  1S6 
carbide,  81 
ethylate,  124 
Amalie  acid,  510 
Amber,  443 

Amid-chlorides,  223,  268 
Amides,  acid,  262 

cyclic,  357,  359 
Amidoacctnl,  316 

acetaldehyde,  316 
acetic  acid,  354 
acetoacetic  ester,  483 
acetone,  319 
alanine,  361 
barbituric  acid,  5°7 
butyric  acids,  358,  359 
ethyl  alcohol,  124,  309 
sulphonic  acid,  306 


fatty  acids,  351 
formic  acid,  393 
fumaric  acid,  495 
glutaconic  acid,  495 
glutaramic  acid,  493*  5GI 
glutaric  acid,  494 
guanidine,  415*  55^»  57* 
hydracrylic  acid,  481 
isethionic  acid,  306,  3 1 1 
isobutyric  acid,  219,  357 
succinic  acid,  486 
valeric  acid,  35^*  357 
lactic  acid,  481 
malonic  acid,  4^0,  497^ 
malonyl  urea,  5^7*  5*3 
methylene  acetoacetic 


methyl  triazole,  4*5 

KSSajs*.** 

propyl  methyl  ketone,  3*9 
pyrotartaric  acid,  49* 
succinic  acid,  4^9 
tetrazotic  acid,  4*5 
thiazoles,  4°8 
thiolactic  acid,  347*  37 1 
uracil,  5*3 

valeraldehyde,  3*7 

valeric  acid,  359;  5»* 

valerolactone,  3°° 

. _  oni 


160  A 

lioxypurin,  510 

-ethan-acid],  354 
-ethanal],  31b 
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Amino-ethidene  succinic  ester,  495,  501 
succinimide,  495,  501 
fatty  acids  (see  Amido-fatty 
acids). 

[9-Amino-nonanic  acid],  285 
Ammelide,  427 
Ammeline,  427 
Ammonium  carbonate,  394 
cyanate,  417 
Araniotic  liquid,  575 
Araygdalin,  228,  543 
Amyl  alcohol,  68,  127 
glycide  ether,  477 
haloids,  140 
Amylene  glycols,  296 

hydrate,  94,  129 
ketone  anilide,  320 
nitrolaniline,  320 
Amylenes,  94,  127 
Amylo-dextrine,  578 
Amyloid,  579 
Amyl  urn,  577 
Amyrines,  588 
Analysis,  elementary,  18 
Angelica  archangelica,  248,  283 
lactone,  362 
Angelic  acid,  50,  283 
Anhydrides  of  carboxylic  acids,  259,  338, 
428 

Anhydro-enneaheptite,  542  • 
Anilido-butyro-lactam,  449 
crotonic  ester,  363 
perchlorcrotonic  .ester,  449 
pyrotartaric  acid,  492 
succinimide,  449 
Aniline,  161 , 492 
Anil-pyruvic  acid,  371 
uvitonic  acid,  371 
Animal  substances,  580 
Anthemis  nobilis,  283 
Anthracene,  74,  75 
Antiform,  445 

Antimony  alkyl  compounds,  1 79 
Antipyrine,  256,  363 
Anti-tartaric  acid,  526 
Apocaffeine,  515 

Aqua  amygdalarum  amararum,  228 
Arabic  acid,  578 
Arabin,  578 
Arabinose,  534,  536 

carboxylic  acid,  566 
diacetamide,  536 
Arabite,  107,  534 
Arabonic  acid,  537 
Arachidic  acid,  249,  250 
Arachis  hypogaea,  285 
Arginine,  581 


Argol,  525 

Aromatic  substances,  78 
Arrack,  122,  227 
Arsenic  alkyl  compounds,  175 
esters,  147 
Arsines,  175 
Arsinic  acids,  178 
Arsonic  acids,  177 
Asparacemic  acid,  489 
Asparagine,  49>  459>  490 
aldehyde,  581 
Asparaginimide,  490 
Aspartic  acid,  490,  501,  581 
Asphaltum,  87 
Asymmetric  carbon  atom,  46 
Asymmetry,  absolute,  49 
relative,  49 
Aticonic  acids,  465 

Atomic  rearrangement,  intramolecular, 

52 

volume,  60 

Axial  symmetric  configuration,  5° 
Azelaic  acid,  285,  455 
Azide' carbonic  ester,  389 
Aziraethylene,  206 
Azin-succinic  ester,  527 
Azo-dicarbonamidine,  415 
dicarbonic  acid,  405 
fatty  acids,  361 
formamide,  405 
formic  acid,  405 
oxazoles,  327 
tetrazole,  415 
Azulmic  acid,  437 


B 

Bacillus  acidi  bevolactici,  336 
boocopricus,  247 
butylicus,  473 
ethaceticus,  480 
subtilis,  247 
Bacterium  aceti,  244 
termo,  296 
Baldrianic  acid,  248 
Barbituric  acid,  506 
Bassorin,  579  #  „ 

Beckmann’s  transformation,  220,  2  > 
Beech  wood  gum,  577 
Beer,  122 

vinegar,  244 
Behenic  acid,  249,  251 
Behenolic  acid,  288,  455 
Behenoxylic  acid,  288,  484 
Benzaldehyde,  75,  228,  258 
Benzal-glycerol,  47b 
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Bcnzal-laevulinic  acid,  380 
semicarbazide,  405 
Benzene,  74,  96,  528 

azocyanacetic  ester,  499 
sulphonic  acid,  135 
Benzoic  acid,  1 17,  123,  354 
Benzoin,  408 
Benzoquinone,  75 
Benzosazones,  546 
Benzoyl  chloride,  258 
glycocoll,  354 
oxycrotonic  ester,  362 
piperidine,  359 
Benzyl  isonitroso  acetone,  326 
Berlieris  vulgaris,  487 
Beiyllium  alkyls,  184 
Betaine,  310,  348 

aldehyde,  316 
ueta  maritima,  573 
...  vulgaris,  310 
B'guamde,  414 

rubin,  587  9 

BlS'SkyJafmethy1ene,  220 
dimethylazimethylene,  220, 

Bluret,4o3  79 

n.  .  faction,  582 
lo°d  ^lor,  585 

01  ,ng  point,  determination  of,  63 
boletus  relat‘on  to  constitution, 

Bombnl  '15’  5-5°’  576 

B°ne  oil,Ps86eSS1°nea’  225 
ti  .  tissue,  586 
S°r,c  esters,  i47 
“orneol,  568  47 

Boron  alkyls,  l8o 

!;rain-  476 
,  randy,  i22 

lStrCadd’5°.  286 

l»  y  lc  acid,  286,  455 
Brom  acetal,  200,  3*6 

acetaldehyde,  199,  316 
acetic  acids,  275 
acetoacetic  acid,  278 
acetol,  215 
acetone,  317 
acetoxime,  319 
acetylbromide,  105 
acetylene,  106,  288 
acetylurea,  400 
acrylic  acid,  281 


405 


64 


Brom  alcoholate,  124,  198 
allyl  alcohol,  13 1 
anilic  acid,  217 
butylamine,  31 1 
butyl  methyl  ketone,  217,  318 
butyric  acids,  281 
cinnamic  acids,  5° 
crotonic  acids,  281 
ethane,  101,  124,  141 
ethines,  104 

ethyl  amine,  31 1,  404,  410 
malonic  acid,  486 
phthalimide,  31 1,  359 
ethylene,  95,  101,  302 
fumaric  acid,  464 
imidocarbonic  acid  ester,  404 
lactic  acid,  340 
laevulinic  acid,  381,  528 
maleic  acid,  451, 464 
malonic  acid,  440 
mesaconic  acid,  464 
methacrylic  acid,  452 
methyl  ether  acid,  202 
nitroethane,  157,  204 
form,  159,  383,  387 
propane,  157,  204 
urethane,  157,  204 
oenanthic  acid,  346 
oleic  acid,  285 
pimelic  ester,  492 
propiolic  ester,  287 
propionic  ester,  275,  501 
propyl  amine,  31  x,  404 

methyl  ketone,  318 
phthalimide,  359 
succinic  acids,  381,  451,  526 
succinyl  bromide,  458 
trinitromethane,  387 
valeric  acid,  346 
Bromal,  124,  198,  340 
Bromalides,  340 
Bromhydrin,  474 
Bromine  determination,  23 
Bromoform,  102,  159,  198,  224,  235, 

370,  386 
picrin,  159,  387 
Bunte’s  salt,  153 
Butalanine,  357 
But  an  all,  196 
Butan-dien],  99 
Butandiol],  296 
Butandion],  322 
'Butane  diacid  chloride],  446 
Butane  heptacarboxylic  ester,  539 
pentacarboxylic  acid,  539 
tetracarboxylic  acid,  532 
tricarboxylic  acid,  518 


50 
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Butanes,  84,  85 

[Butanol  diacid],  487 

[Butanols],  126 

Butanolid,  345 

[Butanon],  216 

[Butanon-acid],  372 

[Butanon  diacid],  499 

Butdien  carboxylic  acid,  288 

Butenyloxytricarboxylic  acid  lactone,  Kw 

[Butine],  98 

Butyl  acetic  acid,  249 

acetylene  carboxylic  acid,  288 
alcohols,  126,  208 
aldehyde,  126,  ig6,  208 
amine,  167 
bromide,  I40 

chloral,  126,  199,  477,  568 
aldol,  477 
chlorides,  140 
glyceric  acid,  480 
glycerol,  473 
iodides,  140 
lactinic  acids,  337 
mercaptan,  149 
nitramines,  171 
nitrile,  144 
pseudonitrol,  158 
sulphide,  149 
Butylene  glycol,  296 
hydrate,  126 
Butylenes,  89,  92,  126 
Butylidene  acetic  acid,  284 
Butyric  acid,  247,  256,  261,  265,  268 
fermentation,  548 
Butyroin,  297,  318 
Butyro  lactam,  360 

lactone,  276,  345,  360 

carboxylic  acid,  346,  486 
nitrile,  268 
Butyrone,  216 
Butyronoxime,  220 
Butyryl  butyric  acid,  382 
chloride,  259 
cyanide,  371 
formic  acid,  370 


C 

Cacao,  514,  5 15 
Cacodyl,  178 

compounds,  177 
hydroxide,  1 77 
Cadaverine,  313 
Cadet’s  Fluid,  176 
Caffeidine,  515 

carboxylic  acid,  515 


Caffeine,  355,  504,  515 
Caffinic  acid,  515 
Caffolin,  515 
Calcium  carbide,  97,  204 
Camphor,  445,  518,  568 

glucuronic  acid,  569 
phorone,  221,  453 
Camphoric  acid,  445 
Camphoronic  acid,  445,  518 
Canarine,  422 
Caoutchouc,  99 
Capric  acid,  250,  256,  265 
aldehyde,  196 
Caprinone,  215 
Caproic  acid,  250,  259,  265 
Caprolactone,  346,  493 

carboxylic  acid,  494 

Caprone,  215 

Caprylic  acid,  250,  265,  268 
Caprylone,  215 

oxime,  220 
Caramel,  574 
Carbamic  acid  azide,  396 

chloride,  396 
ester,  394,  403 
hydrazide,  405 
thiol  acid,  406 
Carbamides,  396,  398,  505 
Carbamido-malonyl  guanidine,  506 
urea,  507 

Carbazide,  389 

Carbethoxyl-oxycrotonic  ester,  362 
Carbinol,  57,  117  ~ 

Carbmethoxyamido-propionic  ester,  44s 
Carbocyclic  compounds,  78 
Carbodiimide,  55,  426 
Carbohydrates,  572 
Carbohydrazide,  405 
Carbohydrazidine,  438 
Carbon  atoms,  asymmetric,  45 > 
compounds,  acyclic,  77 

carbocyclic,  78 
optically  active,  4°> 

67 

saturated,  38 
unsaturated,  3° 

determination  of,  19  „ 

dioxide,  12 2,  226,  244.  383>  3  * 
disulphide,  390 
dithiol  acid,  389,  391 
linkage,  multiple,  51 
single,  37 

Carbonic  acid  (see  Carbon  dioxide;. 

cyanides,  41® 
esters,  386 
Carbon  monosulphide,  236 

monothiol  acid,  3®9>  39 
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Carbon  monoxide,  75,  7^,  8l,  227,  235, 
384,  433  . 

decomposition  of  di- 
oxosuccinic  ester, 

528  • •  r  I 

decomposition  ot  ox-  | 

alacetic  ester,  499 

haemoglobin,  585 

nickel,  236 

potassium,  236 

oxybromide,  389 

oxychloride,  75,  388 

bromide,  389 

oxysulphide,  390,  424 

tetrachloride,  386 

Carbonyl  chloride,  388 

diurea,  404 

Carbo-pyrotritartaric  ester,  529 
thiacetonine,  409 
thialdine,  407 

valerolactone  carboxylic  acid,  487 
lactonic  acid,  494 

Carboxethyl-pseudo-lutidostyril,  496 
thiocarbimide,  425 
Carboxyl  group,  222 
Carboxy-galactonic  acid,  57 1 
tartronic  acid,  528 

Carboxylic  acids,  saturated,  222,  42°, 
5i6,53i>  539 
unsaturated,  270,  450 

518, 533 

Carbylamines,  166,  225,  236,  203 
Carbyl  sulphate,  307 
Carnauba  wax,  257 
Carnaubic  acid,  588 
Camine,  516 
Casein,  582,  583 
Celluloid,  580 

Cellulose,  21 1,  214,  579*  5^° 

Ceratin,  586 
Ceratoma  siliqua,  247 
Ceresine,  88 
Cerin,  257 

Cerotic  acid,  130,  249,  251 

ceryl  ester,  25/ 

Cerotin,  129,  130 
Ceryl  alcohol,  130,  251 
Cetaceum,  257 
Cetene,  92  # 

Cetraria  islandica,  57‘ 

Cetyl  alcohol,  92,  129,  57 

bromide,  *42 
cyanide,  268 
ether,  136 
iodide,  I42 
sulphide,  149 
Chain  isomerism,  41 


Chelidonic  acid,  496,  503,  538 
Cherry  gum,  579 
Chitin,  586 
Chitonic  acid,  567 
Chitosan,  586 

Chlor-acetal,  197,  200,  316 

acetaldehyde,  199*  3 16 
acetic  acids,  274,  501 
aceto-acetic  ester,  378,  438 
acetol,  217,  3°°  .  „ 

acetone,  216,  317*  37^>  4°4 
acetoxime,  319 
acetylene,  106,  288 
acetyl  urea,  400 
acrylic  acid,  281 
alide,  198,  281,  34° 
alimide,  206 
allyl  alcohols,  131 
alose,  55° 

amylamine,  31 1 
anilic  acid,  217 
brom-malelc  acid,  4  4 
butane-hepta  carboxylic  ester,  539 
butyl  aldehydes,  199*  205 

amine,  311  , 

butyric  acids,  199*  276*  34 
carbonic  acid,  227 

amide,  39$ 

ester.  388,  394.  4*4 
carbon  thiol  ethyl  ester,  393 

citranialic  acid,  5^7 

citric  acid,  539 
croton  aldehyde,  199 
crotonic  acids,  5°>  28 *•  375 

cyanogen,  377*42 

ethanes,  103.  *4 ■  •  3  5I7) 

ethenyl  tricarboxylic 

539 

ethylamine,  3J 1 

sutpbonic  act  ^3  r.carbomc 
formic  ester  (see 

« f*;  fl 49 

nitroso-acetone,  37 

lactic  acid,  34  ^  4 
maleic  acid ,  464 

*»«“*' 141 

paethane, 
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Cklor-methyl  ether,  202 
nitromethane,  157 

Chloral,  125,  197,  227,  340,  387,  477 
acetamide,  265 
acetone,  318,  382 
alcoholate,  124,  198 
aldol,  477 
ammonia,  206 
cyanhydrin,  350 
ethyl  acetate,  198 
formamide,  227 
hydrate,  197,  198 
hydroxylamine,  206 
oxime,  206 
urethane,  395 
Chlorine  determination,  23 
Chloroform,  82 
Chlorophyll,  585 

Chloropicrin,  157,  166,  235,  383,  387 
Chloroxalethylin,  436 
oxethose,  136 
oximidoacetic  ester,  438 
pentanpenta-carbonic  acid,  539 
perthiocarbonic  acid  ester,  393 
propiolic  acid,  287 
propionic  acid,  199,  275,  341 
propylene,  106,  277 
propyl  aldehyde,  199,  208 
succinic  acid,  451,  531,  539 
sulphonic  acid  ester,  146 
theophylline,  515 
thioncarbonic  acid  ester,  393 
trinitrobenzene,  165 
valerolactone,  380 
Cholalic  acid  (cholic  acid),  306,  587 
Cholestene,  587 
Cholesterene,  587 
Cholestrophane,  505 
Choline,  309 
Chondrin,  586 

Chondroitic  sulphuric  acid,  586 
Chromogen,  65 
Chromophorous  group,  65 
Cinchomeconic  acid,  530 
Cinchonic  acid,  466,  530 
Cinchonicine,  68 
Cinchonine,  68,  524 
Cineolic  acid,  527 
Cis,  51 

Citracetic  acid,  519 

brompyrotartaric  acids,  451,  452 
chlorpyrotartaric  acid,  451 
conic  acid,  76,  97,  464 
t  itral,  209 
Citramalic  acid,  527 
Citramide,  530 
Citrazinic  acid,  519,  530 


Citric  acid,  21 1,  214,  529 

Citronellal,  209 

Coagulate,  582 

Cochlearia  armonacia,  425 

Cocoa-nut  oil,  250,  252 

Coffeine,  515 

Cognac,  122 

Cola-nuts,  515 

Collidine,  208,  316 

Collodion,  580 

Comanic  acid,  496 

Combustion,  heat  of,  72 

Condensation  reactions,  193 

Conductivity,  electric,  70 

Configuration,  49 

Conglutin,  357 

Coniferin,  543 

Coniine,  47,  68,  99 

Constitution,  34 

Convicin,  509 

Conylene,  99 

Corn  whiskey,  1 22 

Coumalic  acid,  362,  367,  467,  496 

Coumalin,  362 

Coumaric  acid,  50 

Coumarins,  488 

Cow  butter,  249 

Creatine,  413 

Creatinine,  413 

Crotonal  ammonia,  208 

Croton  alcohol,  208 

aldehyde,  199,208,  295,  49^ 
oil,  283 

Crotonic  acid,  5°>  53>  2°^> 

281,  342,  369 
Crotonyl  alcohol,  131,  208 
Crotonylene,  97,  98 
Crystal  alcohol,  123 

chloroform,  234 
Crystalline  lens  globulin,  5 ^3 
Cyamelide,  417 
Cyanacetamide,  440 

hydrazide,  44° 
acetic  acid,  274,  44° 
acetone,  327,  378 
amide,  55,  41 1,  Al2>  42° 
amido  carbonic  acid,  4°  3 

dicarbonic  acid,  4°3 
Cyanates,  417 
Cyancarbamic  acid,  403 

carbonic  acid  esters,  437 
Cyanethine,  268 
Cyanetholines,  417 
Cyanformic  acid,  354>  437 
glutaric  ester,  5*7 
guanidine,  414 
Cyanhydrins,  230,  35° 
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Crack  add,  54,  416 

esters,  417 

Cyanides  and  double  cyanides,  230 
Cy ani  m  ido-carbooic  add  ester,  438 
btttutrcgcamamirie,  239,  499 

acethydroxamk  add,  499 
butyric  add,  484 
maiooic  acid  ester,  517 
Cyanoform,  517 

Cyanogen,  76,  228,  230,  354,  437 
bromide,  421 
chloride,  420, 42 1 
compounds,  228,  266,  349, 
370,  416,  436,  440,  449 
hydride,  76,  166,  225,  228, 
416,421 
iodide,  421 
sulphide,  422 

Cyanortbofonnic  ester,  437 
oximido  acetic  add,  498 

butyric  add,  484,  501 
propionic  add,  442,  446,  453 
succinic  ester,  517 
uramide,  427 
urea,  404 

Cyanuric  add,  419,  511 
bromide,  421 
chloride,  421,  426,  427 
iodide,  421 


Cyclic  compounds,  77 
Cycloacetone  superoxide,  215 
butane,  89 
heptane,  89 
hexane,  89 

paraffin  carboxylic  acid,  53 
paraffins,  89 
pentane,  89 
propane,  89 


Cy. stein,  347 
Cystin,  347 

Cytromytes  pfeffenanus 


and  glaber,  5  29 


D 

AM  ETHYLENE  famine,  3*3 

can-diacid],  455 
candion  diacidj,  5zy 


ne.  .  oA 
lemc  acid^4  d  502 

fgSrw 

' Isms®-* 

notropy*  56 


Desoxalic  add,  539 
Desoxyfulminnric  add,  239 
Deviation  of  the  plane  of  polarization, 

67 

Dextrine,  121,578 
Dextro-amyl  alcohol,  68,  128 
asparagine,  490 
aspartic  add,  490 
glyceric  add,  480 
lactic  add,  337 
malic  acid,  487 
mandelic  add,  68,  69 
tartaric  add,  68,  525 
Dextrooic  add,  566 
Dextrose,  548 

carboxylic  acid,  346,  568 
Diacetamide,  265 
Diacetin,  475 
Diaceto-acetic  ester,  484 
adipic  acid,  529 
dimethyl  pimelic  acid,  529 
fumaric  ester,  529 
glutaric  ester,  529 
succinic  add,  376,  S2^ 
Diacetouamine,  219,  319 
Diacetone  alcohol,  318 

Diacetone-alkamine,  310 

Diacetyl,  322,  484,  527 
acetone,  479 
creatine,  4*3 
cyanide,  37° 
dioxime,  327 
ethane, 323 
-ethylene  diamine,  312 
bydrazone,  32^ 
osazone,  3*8 
osotetrazone,  320 
osotriazone,  32^ 

pentandioxime,  320 

pentane,  325 

racemic  acid,  5^ 
tartaric  acid,  52^ 

x,i^.-“-f^rdd'468 

glycol,  297 
Diacetylenes,  99 
Diacipiperaz,ne’  35° 

Dialdin,  316  „ 

Dialkyl  amidoketones,  3*9 
hydrazines,  I  y 1 
nitramine,  I71 

284 

inalonic  acid,  4^7 
urea,  399 
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Diallylin,  476 
Dialuric  acid,  506 
Diamide,  17 1 
Diamido-acetone,  478 

caproic  acids,  581 
malonamide,  499 
raesoxalamide,  499 
oxal-ethers,  436 
propionic  acid,  481 
pyrazole,  440 
succinic  acids,  526 
[Diamino-butane],  313 

ethyl  disulphide  chlorhydrate, 
3il 

sulphone,  31 1 
Diamino-hexane],  313 
Diamino-2-methyl  pentane],  313 
Diamino-octane],  313 
Diamino-pentane],  313 
Dianilido-succinic  acid,  526 
Diastase,  121,573,576,587 
Diazo-acetamide,  366 

acetic  acid,  17 1,  366,  458 
benzene  chloride,  438,  499 
imide,  468 

ethane  sulphonic  acid,  17 1 
ethoxane,  144 

fatty  acid  esters,  273,  366,  371 
guanidine  nitrate,  415 
methane,  207 
oxyacrylic  acid  ester,  586 
paraffins,  207 
propionic  esters,  371 
succinic  acid,  501,  526 
Diazoles,  321 

Dibenzal  carbohydrazide,  405 
Dibenzoyl-ethane,  446 
Dibromacetaldehyde,  198 

acetic  acid,  275,  458 
aceto  acetic  ester,  378 
acetyl,  322 

acrylic  acid,  282,  452 
allylamine,  169 
barbituric  acid,  509 
butane,  303 
butyl  ketone,  217 
butyric  acid,  276 
caproic  acid,  381 
crotonic  acid,  282,  288 
diketo-R-pentene,  381 
dinitromethane,  381 
ethyl  ketol,  478 
fumaric  acid,  464 
glyoxime  peroxide,  238 
hexane,  303 
Dibromhydrin,  474 
ketone,  217 


Dibrombevulinic  acid,  381 
maleic  acid,  464 

aldehyde,  321 
malonic  ester,  440 
malonyl  urea,  499,  509 
methyl  acetoacetic  acid,  378,  465 
ether,  202 

nitroacetonitrile,  238 
nitromethane,  157,  235 
nitroparaffins,  157 
pentane,  303 
propionic  acid,  208,  275 
pyroracemic  acid,  370,  483,  486 
stearic  acid,  286 
succinic  acid,  451,  457,  500 
succinyl  chloride,  458 
Dibutyryl,  297,  317 
Dicarbamidic  acid,  403 
Dicarbon-tetracarboxylic  ester,  533 
Dicarboxyl-glutaconic  ester,  533 
glutaric  ester,  532 
Dichloracetal,  197,  198,  200 
acetaldehyde,  198,  340 
acetic  acid,  197,  274,  458 
aceto-acetic  ester,  378 
acetone,  217,  529 
acetonic  acid,  529 
acrylic  acids,  282 
butyric  acid,  276 
butyro-lactone,  447 
crotonic  acid,  282,  288 


ethane,  102,  201,  302 
-ether,  136,  200,  316 
ethyl  alcohols,  125,  3*^ 
ethylene,  105 
glycollic  acid  ester,  434 
hydrin,  130,  217,  474 
isobutyl  ketone,  217 
isopropyl  alcohol,  474 
lactic  acid ,  34° 

maleic  acid,  321 

derivatives,  321 
maleinimide,  44& 
malonic  acid  ester,  44°  *1  - 

methane  (see  Methylene  chlo 

ide). 

monosulphonic 


acid, 


235 

methyl  alcohol,  235 

ether,  11S,  I34>  2 
sulphonic  acid,  393 
muconic  acid,  4^7 
oxalic  ester,  434  ,  466, 

propionic  acid,  275*  -3 


propylene,  199-  208 
succinic  acid,  45 1 
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Dicyanogen,  437 

diamide,  410,  414,  427 
diamidine,  414 
hydride,  231 
Diethoxy  acetone,  478 

butyric  acid,  378 
malonic  ester,  498 
succinic  acid,  500 
Diethyl  acetic  acid,  249 
acetonitrile,  268 
acetylchloride,  259 
acetylene  glycol  dipropionate, 
297 

allyl  carbinol,  13 1 
amido  acetic  acid,  356 
acetone,  319 
amine,  167 

chlorboride,  165 
chlorphospliide,  165 
chlorsilicide,  165 
butyrolactone,  346 
carbinol,  127 
cyanamide,  426 
dithiophospinic  acid,  175 
ethane  tetracarboxylic  ester,  531 
ethylene  lactic  acid,  342 
glycollo-nitrile,  350 
hydantoin,  402 
hydrazine,  17 1 
hydroxylamine,  17 2 
ketone,  216 
nitramine,  171 
nitrosamine,  170 
oxalic  acid,  249 
oxalo  nitrile,  349 
oxamic  acid,  435 
oxamide,  436 
oxetone,  478 
oxybutyric  acid,  342 
sul phone  di-brommethane,  o93 
methyl  ethyl  methane, 
218 

sulpho  urea,  409 
thiourea,  409 
urea,  399  . ,  , 

chloride,  39° 

Diethylene  diamine,  3*4>  35 

disulphide,  3°f  ethyl 

iodide,  3°5 
disulphone,  3°5 
glycol,  295>  29° 
imide  oxide,  3 10 
oxide,  298 

sulphone,  3  5 

tetrasulphide,  o°5 

Diethylin,  47^ 


Diffusion  process,  574 
Diformin,  475 
Diformyl,  320 

hydrazine,  228 
Diglycerol,  476 
Diglycide,  476 
Diglycollamic  acid,  349 

amidic  acid,  356,  4°3 
dimide,  355 

Diglycollic  acid,  339,  349 
Diglycollide,  339 
Diglycollimide,  349 
Diglycolyldiamide,  358 
Dihaloid  paraffins,  102 
propanes,  303 
Dihydrazones,  328 
Dihydropyridine  derivatives,  377 
Dihydroxylene,  221 
Di-iodo  acetic  acid,  275,  30b 
acetone,  217 
acetylene,  106 
acrylic  acid,  282 
fumade  acid,  464 

DMOd°Stan=  dfsulpbonic  acid,  393 
methyl  ether,  202 
Di-isethionic  acid,  306 

DWS°  K'l'g'y’co^c  acid,  3.7,  338 

"itrOSO  484 

propionic  acid,  4  3 
valeric  acid,  4*4 

Di-iso-propyl.  SS;col>  w 

ketone,  215 
oxalic  33 

valeral  glutaric  acid,  4 
valeryl,  297 

Diketo-butane,  322 

D,kC  butyric  acid,  484 

hexamethylene,  443 

StCX>V«ds,  57* 

ValcarihoxCyHc4^tds,  572 

DiketODe  borides  322 

Dilactyl  diamide,  358 

Dilactyhc  acid,  339 

Dilaevulimc  aci  .  5 
Dilituric  acid,  5  7 

Dto.U.,1 

acetic  acid,  247 

acetylene»  99  g 

acrylic  acid,  2»4 
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Dimethyl  allene,  97 

alloxan,  506,  5og 
allyl  carbinol,  13 1 
amido-acetone,  319 
amine,  167 

iodide,  169 
angelicalactone,  362 
arsine,  177 
aticonic  acid,  466 
aziethane,  328 
bishydrazimethylene,  328 
butyrolactone,  346,  537 
carbinol,  125 
coumalic  acid,  496 
coumalin,  362 
cyanuric  acid,  420 
diacetylene,  99 

dichlorsuccinic  anhydride,  466 
diethyl  ammonium  iodide,  168 
dihydroxyheptamethylene,325 
diketone  (see  Diacetyl), 
dinitro  butyric  acid,  378 
ethane  tetracarboxylic  ester, 
531 

[Dimethyl  ethanol],  126 

ethyl  acetic  acid,  249 
acetonitrile,  268 
carbinol,  127,  129 
methane,  85 
ethylene  oxide,  299 
furazane,  328 
glutaric  acids,  454 
glycidic  acid,  481 
glyoxime,  328 

peroxide,  328 
hydantoin,  402 
hypoxanthine,  <516 
indol,  381 

acetic  acid,  381 
isocyanuric  acid,  420 
isopropyl  ethylene-lactic  acid, 

.  342 

isoxazole,  328 
itaconic  acid,  466 
ketazines,  220,  460 
ketol,  317 
ketone,  214 
loevulinic  acid,  381 
malonic  acid,  381,  442 
methylene  dithioglycollic  acid, 
.347 

nitramine,  171 
nitrosamine,  170 
[Dimethyl-octanon-acid],  382 
oxalic  acid,  338 
oxamic  acid,  164 
oxamide,  163,  435,  436 


Dimethyloxetone,  217,  478 

oximidomesoxalamide,  498 
oxyadipic  acid,  527 
parabanic  acid,  506 
piperidine,  169 
[Dimethylpropan-acid],  249 
propyl  methane,  85 
pyrazine,  319,  473 
pyrene,  479,  521 
pyridone,  363 
pyrrolidine,  315 
racemic  acid,  369,  527 
succinanil,  449 
succinic  acid,  445 
succinimide,  449 
succinyl  chloride,  446 
thetine,  348 
thiosemicarbazide,  410 
thiourea,  409 
urea  chloride,  396 
valerolactone,  346 
xanthine,  514 
Dimyricyl,  86,  130 
Dinitro-brombenzene,  165 
caproic  acid,  378 
dimethyl  aniline,  167 
ethylene  urea,  400 
ethylic  acid,  185 
glycoluril,  400 
paraffins,  154,  204,  212,  219 
propane,  155,  248,  308,  313 
stilbenes,  50 
Dioctyl  acetic  acid,  249 
Diolefine  alcohols,  132 
ketones,  221 

Dioxalo  succinic  acid,  572 
Dioxethylamine,  308,  356 
Dioximes,  327,  528 
Dioximido  butyric  acid  ester,  484 

hyperoxid-succinic  acid,  52° 
valeric  acid,  483 
Dioxobehenic  acid,  288 
butyric  acid,  484 
piperazines,  358 
stearic  acid,  288 
succinic  acid,  528 
valeric  acid,  4S4 
Dioxyacetic  acid,  363 
acetone,  478 
behenic  acid,  481 
benzoplienone,  75 
butyric  acid,  480 
dimethyl  glutaric  acids,  527 
ethylene  succinic  acids,  521 
fumaric  acid,  525,  52^ 
glutaric  acid,  527 
isobutyric  acid,  480 
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DioxTSocrylic  add.  4S0  ^ 

*  k«:oe-dicarboiylic  adds.  55b 
sajocic  add,  497 
ole£ae  dicarboxyac  acids,  52S 
oiosoccinic  add  ethyl  ester.  52S 
popaoe  tricarboxylic  acid,  55S 
ptcpioeiic  add.  4 So 
pretydcine,  167 
prapylmaloaic  di'.actooe,  527 
qaiooe  dkarboxylic  add  ester, 

52S  ' 

stearic  add,  285,  4®1 
tartaric  add,  401,  4S5,  525,  527 
tricaiballyHc  add,  538 
cndeeylic  add,  4S1 
Taleric  add,  480 
Diphenyl  b*spyrazolon,  52S 
bntyrolactooe,  446 
oxytriazine,  405 
Dipropargyl,  99 
Dipropkmyl,  297 

cyanide,  371,  4S0 

Dipropyl-acetylene  glycol-dibutyrate,  297 
carbodi-imide,  426 
chloramine,  169 
glycollic  acid,  317*  338 
ketone,  216 
nitramine,  171 
Dipvrazolon  derivatives,  52^ 
Disaccharides,  573 
Disacryl,  208 
Disodium  glycollate,  295 
Dissociation^  71,  524 
Distillation,  fractional,  64 

under  ordinary  pressure,  j> 
reduced  pressure.  Oj 

Disulphone  acetone,  21 S 
Disulphonic  acids,  204 
Dithio- acetal,  204 
acetone,  218 

carbarn ic  acid,  4°7  .  -TO 

carbazinate  of  diammomum,  4*° 
carbonic  acid,  3*Sb39*  ester>  3gl 

cyanic  acid,  422 
diamido  dilactic  aci 

dieibylamine,  105.  *7 

dilactylic  acid ,  347 
dimethylamme,  *7°  g 

ethyl  dimethyl  methane, 
glycol.  304 

methanes.  4°/  I70 

tetra-alkyldiamines,  *7° 

ethyl  diamines,  i  / 

Diurea,  4°5 
Di^inyl,  99,  5*9 

Docosane,  86 


Dodecane.  So 
Dodecylene.  92 
Dotriacontane.  So 
Double  add  amides,  cyclic,  357 
Duldtol.  120,  541 
Duroquinone,  323 
Dmamical  isomerism,  463 
Dynamite,  474 


Earth  oil  (petroleum^,  S7 
EbulUscope.  123 
Egg  albumin,  5^3 

yellow,  475,  5^3 
Eicosane ,  So 
Elaidic  acid,  5°> 

Elaidin,  475 
Elastin,  5S6 
Elayl,  90 

Electrify!  atfion  on  carbon  compounds, 

76 

Electrolysis,  70 

Electros vnthesis,  24°  .  o 

liSeni^T  «*““•  ,S 

Elemi  resin,  588 
Elution,  574 
Empiric  formula.  25 
Emulsion,  55*»  5  /  ^  5  7 
Energy  isomerism,  4  o 
Enol  form,  55 

Enzymes,  587 

Epibromhydnn,  4/7  ,$2 

1  chlorhydrin,  340,  477.  48 

ethyl io,  477  , 

Epihydno  •^"J.'iicVcki,  48" 
Epihydrinic  acid,  4S1 

Epiiod°ll5'dnn;  j77  carbon  bonds,  3s 

Erucic  acid.  5  * 

Erythren,  99 
Erythrin,  5 20  6  s2o 

glucin ,  5  20 

gSESSSu «—  ",oci*7- 253 

Esters,  »33>  13 
Ethal,  I29  26i 

Ethan  acid]^  *43 


[Ethan  aci 
[EthanalJ* 


5* 
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[Ethanal  acid],  316 
[Ethanal  amine],  364 
Ethane,  82 


tetracarboxylic  acid,  443,  531, 
.572 

tricarboxylic  acid,  443,  517, 
531 

[Ethan-diacid],  432 
[Ethan-dial],  320 
Ethan-dinitrile],  437 
Ethan-diol],  294 
Ethan-nitrile],  268 
Ethanol],  118 
Ethanol  nitrile],  350 
Ethanoyl  chloride],  259 
Ethan  thiol  acid],  347 
Ethene],  90 
Ethenyl  amidine,  270 

amidoxime,  271 
radical,  222 


tricarboxylic  ester,  517,  oq 
trichloride,  103 
Ether,  134 

aceticus,  255 
bromatus,  141 
compound,  132 
mixed,  132 
simple,  132 
sulphuric  acid,  144 
[Ethine],  95 
Ethionic  acid,  307 
Ethidene  acetoacetic  ester,  382 
acetone,  221 


acetpropionate,  202 
bromide,  201 


chlorhydrin  acetate,  202 
chloride,  91,  201,  443 
diacetate,  202 
diacetic  acid,  453 
diethyl  ester,  200 

sulphone,  204 
dimalonic  ester,  457,  532 
dimethyl  ether,  200 
disul  phonic  acid,  204 
dithioethyl,  204 
dithioglycollic  acid,  347 
diurethane,  395 
glycol,  199 
iodide,  201 
lactic  acid,  335,  349 
malonic  acid,  278,  457  S32 
mercaptal,  204 
oxide,  195 

phenylhydrazine,  207 
propionic  acid,  278,  284,  4q, 
succinic  acid,  441,  466 
urea,  400 


Ethoxy-chlorbutane ,  301 
fumaric  acid,  495 
isocrotonic  ethyl  ester,  362 
maleic  acid,  495 
methylene  aceto-acetic  ester,  483 
acetyl  acetone,  478 
malonic  ester,  494 
pyridine,  363 

Ethoxyl-acetoacetic  ester,  482 
amine,  172 

chloracetoacetic  ester,  482,  521 
isosuccinic  acid,  456,  486 
oxalacetic  ester,  527 
propionic  acid,  338 
Ethyl  acetaldehyde  hydrazine,  207 
acetoacetic  acid,  328 
acetoglutaric  acid,  502 
acetylbutyric  acid,  382 
acetylene,  97,  98 

carboxylic  acid,  288 
alcohol,  82,  1 18,  134,  243 
aldehyde  (see  Acetaldehyde), 
amidovaleric  acid,  359 
amine,  118,  167 
benzhydroxime-acetic  acid,  3 50 
boric  acid,  180 
bromide,  141 
butyrolactone,  346 
caprolactone,  346 
carbamic  ester,  394 
carbonic  acid,  386 
carbylamine,  237 
chlor-ether,  301 
chloride,  83,  119,  141 
chlormalonic  ester,  486 
cyanamide,  426 
cyanide,  268 
diacetamide,  265 
diacetoacetic  ester,  484 
dichloramine,  169 
di  sulphide,  150,  261 
-ethane -tetracarboxylic  acid,  531 
ether,  134 
ethylene,  94 
formamide,  227 
fumaric  acid,  370,  465 
glutaric  acid,  453 
glycidic  ether,  477 
glycol  acetal,  316 
glycollic  acid,  338,  366,  527 
hydantoin,  402 
hydrazine,  171 

_  sulphuric  acid,  1 71 

hydride,  82 
hydroxylamine,  172 
hypochlorite,  147 

hnido  chlorcarbonic  acid  ester,  404 
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Ethyl  imidopyruvyl  chloride,  371 
iodide,  142 
isocyanide,  237 
ketol,  317 
laevulinic  acid,  380 
mercaptan,  149,  406 
mercuric  hydroxide,  1 86 
methyl  acetylene,  98 
ether,  136 
glyceric  acid,  280 
valerolactone,  346 
methylene  amine,  205 
nitramine,  171 
nitrate,  124,  143 
nitrite,  144 
nitrolic  acid,  158 
oxalic  acid,  434 

chloride,  434 
oxybutyric  acid,  342 
piperidone,  360 
propylacetic  acid,  249 
succinaldehyde-dioxime,  327 
succinimide,  448 
sulphide,  149 
sulphite,  147 
sulphoacetic  acid,  348 
sulphocarbamic  ethyl  ester,  406 
sulphone,  15 1 
sulphonic  acid,  153 
sulphopropionic  acid,  348 
sulphoxide,  15 1 
sulphurane,  3°5 

sulphuric  acid,  119,  124,  133*  *45 
tetronic  acid,  379 
thiocarbonic  acid,  39 1 
thionamic  acid,  17° 

sulphonic  ester,  153 
urea,  399 

chloride,  396 
valerolactam,  360 
valerolactone,  34^ 

Ethylene,  76,  90 

bromide,  91,  302,  S32 
chlorhydrin,  118,  293,  300 
chloride,  9 1 ,  3°2 
cyanhydrin,  35° 
cyanide,  449 
diamine,  3I2>  395 

diethylsulphide,  304 
sulphone,  3°5 
dimalonic  ester,  532 

dimethylsulphide,  304 
dinitramine,  312 
disulphinic  acid,  306 
disulphonic  acid,  307 
ethenylamidine,  312 

ethidene  ether,  298 


Ethylene,  glycol,  107,  294 
haloids,  302 

hydrinsulphonic  acid,  306 
iodide,  302 
lactic  acid,  341 
mercaptan,  304 
methylene  ether,  298 
oxide,  298 
pseudo  urea,  404 
succinic  acid,  443 
sulpho  urea,  409 
tetracarboxylic  ester,  533 
thiohydrate,  304 
urea,  400- 
urethane,  395 
Ethylin,  476 
Euglena  viridis,  578 
Euxanthic  acid,  568 
Evonymus  europaeus,  475 


F 

Fats,  252,  454,  475 
Fatty  acids,  239 

synthesis — decomposi  t  ion , 

25i 

bodies,  78 

Fehling’s  solution,  545 
Fellinic  acid,  587 
Ferments,  587 
Fermentation,  122,  473,  547 

amyl  alcohol,  127 
butyl  alcohol,  126 
lactic  acid,  335 
Ferricyanide  of  potassium,  232 
Ferrocyanide  of  potassium,  232 
Fibrins,  583 
Fibrin-ferments,  583 
globulin,  583 
Fibrinogen,  583 
Filter  paper,  Swedish,  579 
Fish  blubber,  87,  285 
Flesh-pieces,  355,  4r3 

(meat)  extract,  337*  339*  4*3 
Fluor-alkyls,  139 

chlorbromoform,  235 
chloroform,  235 
Formal,  200 
Formalazirte,  207 
Formaldoxime,  206 
glycerol,  476 
Formalin,  193 
Formamide,  227 
Formamidine,  232 
Formates,  226 

Formazyl  carboxylic  acid,  2^3 
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Formazyl  hydride,  233 
Formic  acid,  225 

aldehyde,  1 18,  193,  417,  476, 

528,530 

Formimido  ether,  232,  269 
Formine,  226,  475 
Formoguanamine,  412 
Formonitrile,  228 
Formose,  552 
Formoxime,  206 

Formula,  determination  of  molecular,  25 
empiric,  constitutional,  ration¬ 
al,  structural,  rearrangement, 

^  -  337 

Formyl  (radical),  224 
acetic  acid,  364 
acetone,  319,  321 
chloridoxime,  233,  499 
hydrazine,  228 
hydroxamic  acid,  233 
ketone,  321 
succinic  ester,  495 
thiosemicarbazide,  410 
tricarboxylic  acid,  517 
trisulphonic  acid,  235,  387 
urea,  400 

Freezing-point  depression,  32 
Fructose,  193,  208,  551,  575 
carboxylic  acid,  568 
Fruit  essences,  256 
sugar,  551,  553 

Fuchsine  sulphurous  acid  (reagent  for 
aldehydes),  545 
Fucose,  536 

Culminate  of  mercury,  238 
of  silver,  238 
Fulminic  acid,  237 
Fulminuric  acid,  238,  585 
Fumaric  acid,  50,  76,  96,  458,  501,  517, 
,532 

Furazan  carboxylic  acid,  483,  528 
dicarboxylic  acid,  498 
propionic  acid,  483 
327 

r'urfur  acrylic  acid,  503 
Furfural  kevulinic  acid,  529 
t  urfurane  carboxylic  acids,  570 
Furodiazoles,  327 
Furonic  acid,  4c c 
Fusel  oil,  122 


Galactan,  cci 
Galactite,  551 
Galactonic  acid,  346,  567 
Galactose,  551,  575,  5y6 


Galactose  carboxylic  acid,  346,  568, 
569 

[Gala-heptanpentol  diacid],  571 
Galaheptite,  542 
Galaheptonic  acid,  568 
Galaheptose,  553 
Galaoctonic  acid,  553,  568 
Gallesine,  549 
Gasbaroscope,  22 
Gaultheria  procumbens,  1 17 
Gelatine  liquid,  585 
tissues,  585 
Geneva  names,  57 
Geranial,  209 
Geranic  acid,  289 
Geraniol,  132,  380 
Geranium  ethide,  181 
Globulins,  357,  583 
Glucase,  576 
Glucoheptite,  542 
Glucoheptonic  acid,  568 
Glucoheptose,  553 
Gluconic  acid,  346,  567 
Glucononite,  542 
Glucononose,  542,  553 
Gluco-octite,  542 
octose,  553 

Glucosamine,  549,  550,  586 
Glucosanes,  577 
Glucosazone,  549 
Glucose,  120,  534,  543,  548,  553 
amido-guanidine,  55° 
carboxylic  acid,  568 
mercaptal,  550 
Glucosides,  544,  548,  549 
Glucosone,  549 
Glucuronic  acid,  568,  585 
Glutaconic  acid,  452,  467,  494,  49^>  533* 

538 . 

Glutamine,  69,  493 
Glutaminic  acid,  493,  581 
Glutaric  acid,  452,  538 
Glutarimide,  349,  453 
Glutazine,  496 
Glutin,  585 

peptones,  586 
Glutinic  acid,  468 
Glyceric  acid,  247,  340,  480,  481 
Glycerides,  475 

Glycerol,  107,  130,  226,  471,  476>  497  > 

573 

aldehyde,  477 
ether,  476 
ketone,  477 
phosphoric  acid,  475 
sulphuric  acid,  475 
Glycerose,  477,  534,  552 
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Glyceryl  chloride,  475 
Glycide,  476 

acetate,  477 
Glycidic  acid,  340,  481 
Glycin  (see  Glycocoll). 

anhydride,  355,  358 
Glycocholic  acid,  355*  5®7 
Glycocoll,  230,  354,  401  .  5i°>  587 
amide,  355 

Glycocyamine, — cyamidine,  412 
Glycogen,  576,  578 
Glycol,  125,  294,  386,  429 
acetal,  316 
acetate,  304 

aldehyde  (see  Glycolyl  alde¬ 
hyde). 

bromhydrin,  301 
carbonate,  386 
chloracetin,  304 
chlorhydrin,  125,  301 
dinitrate,  303 
ethyl  ether,  297 
nitrohydrin,  308 

Glycollic  acid,  124,  244,  274,  334.  3^4. 
429,  472 
amide,  349 
anhydride,  338,  339 
ethyl  ester,  339 
ester,  338 
nitrite,  350 
Glycollides,  339 
Glycolloglycollic  acid,  339 
Glycoll-sulphuric  acid,  303 
ureine,  400 
Glycoluric  acid,  401 
Glycoluril,  327,  400,  401 
Glycolyl-aldehyde,  125,  199,  295,  3I5> 


534  . 

guanidine,  412 
urea,  401 

Glycose  (see  Glucose). 

Glycosides  (see  Glucosides). 

Glycosin,  321 

Glyoxal,  124,  199,  295,  320,  4°°.  429. 
528  ... 

acid  (see  Glyoxylic  acid). 

osazone,  328 
osotetrazone,  328 
Glyoxalines,  321,  322,  4o1 
Glyoxime,  321 

Glyoxyl-carboxylic  acid,  4S3  c 

Glyoxylic  acid,  124,  199.  224>  274>  “95. 
364,400,429,472 

Glyoxyl-isobutyric  acid,  4c  3 

propionic  acid,  381.483 

urea,  5°4 
Granulose,  577 


Grape  sugar,  548 

synthesis,  553 
space- isomerism,  560 
Green  malt,  121 
Groups,  39 
Guaiacol,  528 
Guaicol,  208 
Guanazole,  415 
Guaneldes,  412 
Guanidine,  238,  384,  41 1 
Guanido  acetic  acid,  412 

carbonic  acid,  414 
dicarbonic  acid,  414 
propionic  acid,  412 
Guanimines,  412 
Guanine,  514 
Guanoline,  414 
Guanyl-guanidine,  414 
urea,  414 
Gulonic  acid,  566 
Gulose,  551 
Gums,  578 


H 

^matin,  585 

semato-chromogen,  585 
porphyrin,  585 
semin,  585 
aemoglobins,  584 
alf-ortho-oxalic  acid,  434 
oxalic  ester,  434 
shadow  apparatus,  574 
alogenides,  223 
aloeen  ketoximes,  319 

L  mononitro  paraffins,  154 
olefines,  104,  I42 
paraffins,  99 

of  combustion,  72 
ectograph  material,  473 
;eneicosane,  86 

[eptacosane,  86 
decane,  86 
methylene,  89 
Heptan-diacid],  455 

H^"P-Sid]'57' 
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Heptyl-acetate,  93 
alcohol,  129 
Heptylic  acid,  250 

mustard  oil,  425 

Heracleum  giganteum,  243,  247,  256 
sphondylium,  129,  243 
Hesperidine,  536 
Heterocyclic  compounds,  78 
Heteroxan thine,  514 
Hexachlorbenzene,  100 

diketo-R-hexene,  463 
ethane,  103 
Hexacontane,  84 
decane,  86 
dec>l  alcohol,  1 29 
decylene,  257 
di-indiol,  297 
ethyl  melamine,  428 
hydrobenzene,  89 
mesitylene,  88 
pyrazine,  314,  358 
xylene,  88 
iodobenzene,  106 
methyl  benzene,  98 
methylene,  89 

bromide,  303 
diamine,  313 
glycol,  296 

tetracarboxylic  acid , 
532 

tetramine,  205 
methyl  melamine,  428 
Hexane,  84,  85,  86 
'Hexan-diacid],  454 
Hexandion],  322,  323 
Hexantriol],  473 
3 exaoxybenzene  potassium,  236 
dexenic  acids,  284 
Hexenyl  amidoxime,  271 
Hexinic  acid,  482 
Hexites,  540,  557 
Hexonic  acids,  557 
Hexoses,  543,  555 
Hexyl  alcohol,  129 

butyrolactone,  346 
Hexylene  glycols,  296 
oxide,  299 

Hexyl-erythrol,  99,  520 
Hexylic  acids,  250 

iodide,  140,  540 
Hippuric  acid,  354,  510 
Hoffmann’s  anodyne,  135 
Homo-aspartic  acid,  491 
choline,  309 
coninic  acid,  359,  360 
laevulinic  acid,  381 
Homologous  series,  40 


Homopiperidic  acid,  359 
terpenylic  acid,  493 
Hyalogens,  584 
Hydantoln,  401,  412 
Hydantoic  acid,  401,  41 2 
Hydracetamide,  205 
Hydracetyl acetone,  213,  221,  318 
Hydracrylic  acid,  295,  341 
Hydramines,  308 
Hydrazi-acetic  acid,  366 

propionic  acid,  37 1 
Hydrazide  acetaldehyde,  316 
Hydrazido-mesoxalamide,  498 
Hydrazine,  171,  367,  415 

carbonic  ester,  404 
ureas,  399 

Hydrazino-fatty  acids,  361,  365 
nitriles,  206 

Hydrazo-dicarbonamide,  405 
dicarbonamidine,  415 
dicarbonic  acid,  405 
dicarbonimide,  405 
dicarbon  thio-amide,  410 
fatty  acids,  361 
formamide,  405 
thioallylamide,  410 

Hydrazones,  207,  220,  328,  367,  371, 
546 

Hydrazoximes,  328 
Hydroaromatic  compounds,  77 
carbons,  78 

halogen  derivatives  of,loi 
chelidonic  acid,  503 
flavic  acid,  437 
Hydrogen,  addition,  39 

determination,  19 
pure,  227 
Hydrolysis,  120 

muconic  acids,  467 
sorbic  acid,  284,  481 
Hydroxamic  acids,  223,  270 
Hydroxy-adipic  acid,  494 
caffeine,  511,  515 
laevulinic  acids,  381,  382, 
483 

amine,  237 

Hydroxyl  acetic  acid,  350 
alkyl,  172 
group,  40 
oxamide,  436 
sebacic  acid,  494 
tetramethyl  piperidine,  219 
urea,  406 
Hydurilic  acid,  509 
Hypochlorous  acid  ester,  147 
Hypogaeic  acid,  285 
Hypoxanthine,  513 
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I 

Idite,  541 

Idonic  acid,  53°>  5®7 

Ido  saccharic  acid,  558,  569 

Idose,  54*>  551*  5^7 

Ilex  paraguay ensis,  515 

Illuminating  gas,  96 

Imid  azoles,  321 
azolones,  319 
azolylmercaptans,  319 

Imide  bases,  167 

chlorides,  223,  268 

Imides  of  dicarboxylic  acids,  432,  448 
of  glycols,  314 

Imido-acetoacetic  acid  nitrile,  378 
acetonitrile,  356 
carbonic  acid,  404 
dicarbonic  acid,  403 
ethyl  succinic  acid,  526 
malonamide,  440 
oxal  ether,  438 

pseudo  uric  acid,  506,  507,  516 
pyroracemic  acid,  37 1 
thio-carbonic  acid,  406 
thiourazole,  41 1 
Indol,  581 
Inulin,  578 
Inversion,  120,  573 
Invertin,  1 20,  573,  587 
Invert  sugar,  120,  552,  573 
Iodine  determination,  23 
solubility,  390 
reaction  with  starch,  577 
Iodo-acetaldehyde,  199 
acetone,  217,  317 
acetoxime,  319 
acetylene,  106,  288 
acrylic  acid,  281 
alkyls,  ioi,  142 

cyanogen  (see  Cyanogen  iodide), 
ethane,  101,  124,  142 
ethylamine,  31 1 
fatty  acids,  272 
Iodoform,  102,  124,  159,  215,  224,  235, 
386 

reaction,  1 23 
fumaric  acid,  463 
Iodohydrin,  124 
lactic  acid,  340 
methyl  ether,  134,  202 
propiolic  acid,  288 
propionic  acid,  275,  341,  454,  502 
stearic  acid,  286 
Iris  root,  250 
Isatine,  55 

Isethionic  acid,  304,  306 
Iso-acetonitrile,  237 


Isoamylamine,  167 

amylene,  93,  94»  I29 
glycol,  296 
isonitrosocyanide,  320 
nitrosate,  320 
amyl  ether,  136 
amylidene  acetone,  221 
asparagine,  491 
barbituric  acid,  513 
butane  tricarboxylic  acid,  517 
butenyl  tricarboxylic  acid,  453 
butyl  acetaldehyde,  196 

acetic  acid,  249,  265,  268 
alcohol,  126 
amine,  167 
butyrolactone,  346 
carbinol,  1 22,  127 
butylene,  89,  92,  94,  127 
glycol,  296,  301 
oxide,  299 
haloids,  140 

propyl-ethyl-methyl  ammonium 
chloride,  169 
butyraldehyde,  196,  206 
butyronoxime,  220 
butyric  acid,  126,  247,  256,  259,  261 
butyryl  cyanide,  37 1 
caprolactone,  284, 346,  494 
cholesterine,  588 
choline,  309 
citric  acid,  53° 
crotonic  acid,  5°»  282 
cyanate  of  potassium,  230,  41 7 
cyanic  acid,  416 

ester,  162,  398,  417,  423 
tetrabromide,  415 
cyanides  (see  Isonitriles), 
cyanogen  oxide  =  /-cyanogen  oxide, 

4I5 

tetrabromide,  41 5 
cyanuric  esters,  420 
cyanurimide,  427 
cyclic  compounds,  77 
dehydracetic  acid,  376,  496 
dialuric  acid,  513 
dibutylene,  92,  94 
dulcite,  536 
erucic  acid,  286 
glucosamine,  549,  552 
heptenic  acid,  284 
heptylenic  acid,  346,  493 
hydrosorbic  acid,  284 
Isologous  series,  40 
malic  acid,  486 
maltose,  576 
melamine,  427 
Isomerism,  chemical,  41 
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Isomerism,  dynamical,  462 
physical,  44 
Isomuscarine,  316 

nitramine  acetoacetic  ester,  483 
fatty  acids,  360 
nitrile  reaction,  166,  235 
nitriles,  54,  225,  236 
nitropropane,  157 
Isonitroso  acetic  ester,  528 

acetoacetic  ester,  484,  528 
acetylacetone,  479 
barbituric  acid,  509 
glutaric  ester,  502 
ketones,  212,  213,  325,  376 
laevulinic  acid,  484 
malonic  ester,  498 
propionic  acid,  371 
Isooleic  acid,  286 
Isophorone,  214,  221 
propenyl  ether,  136 
propyl  acetylene  carboxylic  acid,  288 
acetyl  valeric  acid,  382 
alcohol,  122,  125,  472 
amine,  167 

Isopropylbutyrolactone,  346 
carbinol,  126 

propylene  malonic  acid,  457 
ether,  136 

glutolactonic  acid,  494 
haloids,  125,  140 
[Isopropylheptanon-acid],  382 
IsoproDylmalic  acid,  492 

tricarballylic  acid,  518 
pyrotritartaric  acid,  324 
quinoline,  74,  78 
rhamnonic  acid,  537 
rhamnose,  536 
saccharic  acid,  571 
saccharin,  537,  576 
succinic  acid,  246,  441 
thio-acetanilide,  262 
cyanic  acid,  55,  421 
ester,  162,  423 
cyanuric  ester,  425 
trichlorglyceric  acid,  370 
triethylin,  316 
Isouretine  or  isuret,  233 
uric  acid,  509 
valero-glutaric  acid,  467 
valeric  acid,  248,  259 

aldehyde,  75,  196,  206,  357 
Isoxazoles,  319,  327 
Isoxazolon  hydroxamic  acid,  500 
Itabrompyrotartaric  acid,  451,  492 
Itaconic  acid,  76,  465,  492 
anhydride,  53,  465 
ester,  465 


Itachlorpyrotartaric  acid,  451,  492 
Itaconilic  acid,  465 
Itamalic  acid,  492 


K 

KETAZINES,  220,  546 
Ketines,  319 
Ketipic  acid,  528 
Ketoamines,  320 

brassidic  acid,  288 
butyric  acid,  372 
glutaric  acid,  501 
hexoses,  551 
malonic  acid  group,  497 
succinic  acid  group,  499 
Ketols,  317 
Ketone-alcohols,  317 
chlorides,  213 
carboxylic  acids : 

mono-,  368,  497,  531,  539 
di-,  484,  527 
s  tri-,  521,538 
decomposition  of  acetoacetic  ester, 
375 

of  oxalacetic  ester, 

499 

halides,  102 
phenylhydrazones,  220 
Ketones :  mono-,  209 ;  di-,  323 ;  tri-,  479 ; 
tetra-,  521 

Ketonic  acid  nitriles,  268,  370,  378 
oximes,  371 
Ketooxystearic  acid,  286 

pentacarboxylic  ester,  454 
pentamethylene,  454 
piperidine,  360 
stearic  acid,  288,  382,  383 
substitution  products,  21 1 
succinic  acid  group,  499 
Ketoxime  carboxylic  acid,  241 
Ketoximes,  158,  219 
Kopfer’s  method,  21 


L 

Lactams,  52,  358 
Lactam  forms,  55 
Lactamide,  349 
Lactarius  volemus,  542 
Lactates,  336 
Lactazams,  363 
Lactic  acids,  336,  337 

ethidene  ester,  341 
fermentation,  335 
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Lactic  acid  nitrile,  349 
Lactides,  339 
Lactime  form,  55 
Lactimide,  358 
Lactobionic  acid,  575 

biose,  575 
Lactones,  52,  342 
Lactonic  acid,  567 

acids,  486,  492,  494,  53° 

Lactose,  575 

carboxylic  acid,  570 

Lacturic  acid,  402 
Lactyl  urea,  402 
Lactylo-lactic  acid,  339 
Lsevulinic  acid,  379 
Lsevulose,  379,  55*>  5^8 
Lanoceric  acid,  588 
Lanoline,  588 

palminic  acid,  588 

Laurie  acid,  216,  249,  250,  265,  268,  271 
aldehyde,  196 
Laurone,  215,  220 
Laurus  nobilis,  250 
Lead  alkyls,  187 
ethide,  187 
plaster,  253 
sugar  of,  245 
vinegar,  246 
white,  246 
Leather,  585 
Lecithin,  309,  475 
Leinoleic  acid,  286 
Leiocome,  578 
Lepargylic  acid,  455 
Leuceines,  581 
Leucic  acid,  337 
Leucine,  47,  69,  357,  581.  5*0 
Leucoturic  acid,  5°9 
Lichenine,  578 

Liebig’s  potash  bulbs,  19  , 

Light,  action  of,  upon  carbon  compou 

74 

Lignose,  579 
Ligrome,  87 
Limit  alcohols,  109 

hydrocarbons,  79 
I.inalool,  132,  380 
Linking  of  the  carbon  atoms,  3/ 
Linseed  oil,  286 
Laevo  asparagine,  49° 
aspartic  acid,  49° 
glyceric  acid,  4*° 
lactic  acid,  33^ 
mandelic  acid, 
malic  acid,  4*7  , 

tartaric  acid,  69,  5 
Lubricating  oil,  88 


Lupeol,  588 
Lupeose,  576 

Lutidine  carboxylic  ester,  483 

Lycine,  310 

Lycium  barbarum,  310 

Lysatin,  581 

Lysatinin,  581 

Lysidine,  312 

Lysine,  581 

Lyxonic  acid,  536,  537 

Lyxose,  536 


M 

Magnesium  alkyls,  184 
Mashing  process,  122,  576 
Malamic  ester,  489 
Malamide,  489 
Malates,  488 
Malein  anil,  460 
Maleic  acid,  5°>  9^>  459.  4&o 
electrolysis  of,  70 

Malic  acid,  487  o. 

Malonic  acid,  439.  242.  244,  274,  2SI» 
402,  513 

ester,  242,  321,  44°,  5°°» 
506 

Malonamide,  44° 

amic  ester,  44° 
diacetic  acid,  532 
diamidoxime,  440 

ethyl  ester  acid,  77 
hydrazide,  44° 

Malononitrile,  44° 

tricarballylic  acid,  53* 

Malonyl  guanidine,  5° 
urea,  5o6>  5*3 

Malt,  121  6 

sugar,  121,  57 

Malto-bionic  acid,  57 
biose,  576 
Maltonic  acid,  5 
Ma!tOSe’  clrboxylic  acid,  57« 

Mandelic  acid,  47.  68 
Manna,  54°.  57 

SKSS  m. '*>’  840 

Mannitan,  540 

Ma”n°  bSUc  acid,  5^7 

5SSKSS. S553.  567 

nonose,  55*> 
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Manno-octite,  542 

octonic  acid,  567 
octose,  553 
saccharic  acid,  569 
Mannose,  547 

carboxylic  acid,  567 
Margaric  acid,  216,  250 
Margarine,  252 
Marsh  gas,  So 
Meconic  acid,  496 
Melam,  42S 
Melamine,  427 
Melanurenic  acid,  427 
Melecitose,  577 
Melem,  42S 
Melibiose,  576 
Melissic  acid,  249,  251 
Melissyl  alcohol,  129 
Melitose,  577 
Melitriose,  577 
Mellon,  42S 

Melting  point,  regularity,  62 
Mendius’  reaction,  162 
Menthone,  3S2 

Mercaptal  carboxylic  acids,  347 
Mercaptals,  204,  534 
Mercaptan  carboxylic  acids,  347 
Mercaptans,  mercaptides,  I4S 
Mercaptol  carboxylic  acids,  347 
Mercaptols,  212,  21S 
Mercaptothiaxoles,  407 
Mercurialis  perennis  and  annua,  166 
Mercury  acetamide,  264 
alkyls,  S3,  S6 
allyl  iodide,  1S6 
cyanide,  231,  420 
ethide,  1S6 
Merotropy,  54 

Mesachlorpyrotartaric  acid,  451 
Mesaconic  acid,  379,  464 

dibrompyrotartaric  acid,  452 
Mesitene  lactam,  362,  363 
lactone,  362 

Mesitonic  acid,  381,  494 
Mesitylene,  9S,  214 
Mesityl -oxide,  214,  217,  219,  221,  3S1 
oxalic  acid,  4S5 
Mesitvlic  acid,  494 
Mesodinitroparathns.  15S,  219 
propane,  159 
Meso-form,  445 

tartaric  add,  4S,  51,  69,  522,  523 
Mesoxalic  acid,  402.  473,  497,  504 
Mesoxalyl  urea,  50S 
Mesoxanilidimide  chloride,  499 
Metacrolein,  20S 

formaldehyde,  194 


Metacarbonic  acid,  3S5 
Metaldehyde,  195 
Metallo-organic  compounds,  1S2 
Metamerism,  41 
Meta-propylaldehyde,  197 
saccharic  acid,  346 
saccharin,  537,  538 
Methacrylic  acid,  283,  453 
Methane,  76,  80,  246 
derivatives,  76 
[Methanal],  193 
[Methanol],  1 17 
Methenyl  tricarboxylic  acid,  517 
Methazonic  acid,  156 
Methenyl  (radical),  222 
amidine,  232 

amidoxime,  233,  271,  396 
bisacetoacetic  ester,  483,  529 
bismalonic  ester,  533 
carbohydrazide,  405 
Methine  (radical),  222 

trisulphuric  add,  204,  235 
Methionic  acid,  204 
[Metho-47-ethyl  4-heptane],  So 
Methose,  552 

Methoxyisocrotonic  acid,  362 
Methoxylamine,  172 

dimethyl  acetoacetic  ester,  4S2 
Methyl  acetoacetic  acid,  328,  372,  37S 
pyronon,  521 
succinic  add,  301 
acetylene,  9S 

carboxylic  acid,  2SS 
acetyl  urea,  400 
adipic  acid,  455 
alcohol,  1 17 
aldehyde,  193 
alloxan,  50S 
allyl  ketones,  216 
ketoximes,  220 
nitroamine,  17 1 
propyl  carbinol,  342 
amine,  166 
arabinoside,  536 
bromide,  14 1 
brommalonic  ester,  442 
Methyl  butanal],  196 
[Methyl  butanonj.  216 
Methyl  butan  add],  24S 
3-MethyUi-butine],  9S 
Methyl  butyl  acetic  add,  249,  50S 
amine.  167 
nitramine,  171 
tetrad  ne,  172 
batyrolactone.  345 

carboxylic  add, 
4S0 
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Methyl  carbamic  ester,  394 
carbimide,  418 
carbonic  acid,  386 
carbylamine,  237 
chloramylamine,  311 
chloride,  141,  164 
chloroform,  103 
crotonic  acid,  283 
cyanamide,  426 
cyanide,  268 
diacetamide,  265 
diethyl  acetic  acid,  249 
methane,  85 
dihydro  furfurane,  300 
pyrrol,  318 
di-iodoamine,  169 
dimethyl  phenyl  pyridozolon,  38 1 
dioxytriazine,  395 
disulphide,  15° 
ether,  134 

ethyl  acetaldehyde,  190 

acetic  acid,  246,  248 
acetonitrile,  268 
acetylene,  98 
acrolein,  209 
amine,  167 

carbincarbinol,  122,  127 
carbinol,  126 
diketone,  322 
ethylene,  94 
glycollic  acid,  33® 

glycollo-nitrile,  35® 

glyoxime,  327 

peroxide,  327 

ketone,  216 

diethyl  sulphone, 

218 

nitramine,  ljl 
oxyacetic  acid,  283 
oxybutyric  acid,  342 
ninacone,  216 
propyl  isobutyl  ammonium 

chloride,  5 2 
formyl  acetic  ester,  362 
fumaric  acid,  4°4 
furfurol,  53® 
glucoside,  55° 

glyceric  acid,  4*? 

!,ycidic  ac,ds>  481 

ll^fdin.,4-3 

g  y  amine,  4^0 
•  glyoxal,  32l>  \f 

osazone.  32» 


Methyl  glyoxalosotetrazone,  328 
glyoxime,  327 
guanidine,  412,  413 

acetic  acid,  413 
[M  ethyl -heptanoltrion],  520 
[Methylheptanon],  221 
Methyi-d-hexene,  325 

hexylacetonitrile,  268 
hydantoin,  401,  402»  4*3 
hydrazine,  171 
hydroxylamine,  172 
hypochlorite,  147 
imidothiodiazoline,  410 
indol,  581 
iodide,  142 

isobutylbutyrolactone,  340 
isobutylenamine,  205 

glyoxime,  327 
citric  acid,  53° 
cyanate,  418 
cyanide,  237 

propylacetamide,  265 

carbinol,  127,  128 
ketoxime,  220,  320 
isoxazole,  327 
isoxazolon,  376 

ketol,  317 

lsevulinaldoxiroe,  32* 

lsevulinic  acid.  380 
malic  acid,  492 

ester  acid,  37® 
mannoside,  548 

mercaptan,  149 
mercury  nitrate,  1 8b 
methane  (see  Ethane), 
methylene  amine,  205 
nitramine,  17° 
nitrate,  143 
nitrite,  144 
nitrolic  acid,  15® 

nitrourethane,  o95 
nonylketone,  210 
cenanthone,  216 
oxalacetic  ester,  492>  5°® 
oximidoethyl  ketone,  4®4 
oxvbutyric  acid,  342 

glutaric  acid,  380,  494 
thiazole,  423 
valeric  acid,  342 

pSctad.'7i346.«» 

penthiophene,  45o  8 

phenyl  pyridazolon,  351 
piperidine,  360 
[Methylpropanal],  19 

TMethylpropan  diacid],  44 

[Methyl-3-ProPano1  acld^’  3 
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[Methylpropan  acid],  249 

propionyl  acetic  acid,  378 
propyl  acetaldehyde,  196 

acetic  acid,  249,  266 
allyl  carbinol,  131 
amine,  167 

carbinol,  68,  127,  128 
ethyl-ethylene  glycol,  297 
ethylene  lactic  acid,  342 
glyoxiine,  327 
nitramine,  1 71 
oxybutyric  acid,  342 
pseudouric  acid,  507 
pyrazole,  328 
pyridazinone,  381 
azolon,  381 
pyrrolidine,  381 
pyrrolidon,  360 
quinoline,  316 
succinic  acid,  4^ 
succinimide,  448 
sulphide,  149 
sulphite,  146 
sulphobromide,  15 1 
chloride,  152 
sulphone,  15 1 
sulphonic  acid,  152 
sulphoxide,  15 1 
sulphuric  acid,  145 
tetronic  acid,  378 
tetrose,  520,  536,  563 
theobromine,  514 
thialdin,  204 
thiosemicarbazide,  410 
triacetoamine,  219 
carballylic  acid,  518 
carbimide,  420 
uracil,  376,  513 
uramils,  507 
urea,  399 


cnioride,  396 
urethane,  394 
uric  acids,  505,  512 
valerolactam,  360 
valerolactone,  ^46 
Methylal,  200 

Methylene  arnido  acetonitrile,  231 

356 


bromide,  201 
chloride,  201 
cyanide,  440 
cyanhydrin,  354 
diacetamide,  265 
diacetic  ester,  202 
diethyl  ether,  200 

sulphone,  204 
dimalonic  ester,  531 


Methylene  dimethyl  ether,  200 
disulphuric  acid,  204 
glycol,  194 
heptylamine,  167 
hydrinsulphonic  acid,  204 
iodide,  201,  235,  532 
lactate,  339 
malonic  ester,  456 
mercaptal,  204 
succinic  acid,  465 
succinimide,  449 
urea,  400 
Methylenitan,  552 
Micrococcus  aceti,  244 
Milk  albumin,  581 
.  sugar,  575 
Millon’s  reagent,  582 
Mineral  wax,  88 
Molasses,  122,  574 
Molecular  formula,  atomic,  25 
empiric,  27 
isomerism,  59 
refraction,  66 
volume,  60 

weight,  determination  of,  26 
Monacetin,  475 
Monethylin,  476 
Monobromacetone,  217 

ethyl  ether,  202 
methyl  ether,  202 
chlor-ether,  135 

ethyl  ether,  202 
formin,  226,  475 
hydrazones,  328 
chlorhydrin,  474 

methyl  ether,  202 
methyl  sulphonic  acid,  393 
Monoiodo-methyl  ether,  202 
Monoses,  543 

Monothio-diethylamine,  165 

ethylene  glycol,  304 
Moss,  Iceland,  458 
starch,  578 
Moringa  oleifera,  251 
Morphine,  166 
Morpholine,  310 
Morphotrophy,  59 
Mucedin,  583 
Mucin,  584 
Mucinogen,  584 

Muco-bromic  acid,  287,  365,  465,  477 
chloric  acid,  365 
Mucoids,  584 

lactonic  acid,  495 
Muconic  acid,  467 
Muco-oxy-bromic  acid,  483 
chloric  acid,  483 


INDEX. 


Murexan,  507 
Murexide,  510 
Muscarine,  309 
Muscle  juice,  413 
Mustard  oil,  425 

acetic  acid,  410,  424 
test,  425 
seeds,  425 

Mycoderma  aceti,  244 
Mycose,  576 
Mycosin,  586 
Myricin,  257 

Myricyl  alcohol,  129,  130 
chloride,  1 30 
iodide,  130 

Myristic  acid,  216,  250,  265,  588 
Myristica  moschata,  250 
Myristin,  250,  475 

aldehyde,  196,  206 
amidoxime,  271 
glycerol  ester,  475 
Myristone,  216 
Myronic  acid,  425 
Myrosin,  425,  587 


N 

Naphtha,  88 
Naphthalene,  74 
Naphtenes,  88 
Naringin,  536 
Neftigil,  88 
Neuridine,  313 
STeurine,  169,  309 
Nitramide,  395 
Nitramine  fatty  acids,  300 
Sfitramines,  17° 

STitric  acid  ester,  143 
Nitrile  bases,  167 

carboxylic  acids,  229 

Nitriles,  266 

Nitrilo-acetomtrile,  350 

malonic  acid,  44° 
oxalic  ester,  437 
oxalimido-ether,  43s 
succinic  acid,  527 
tricarboxylic  acid,  4°3 
Nitroacetonyl  urea,  4°2 
acetic  acid,  35° 

amido-acetaroide,  4°« 

amines,  17° 
barbituric  acid,  5°7 
benzene,  I54»  16 
bromoform,  3  7 
butane,  157 
butyl  glycerol,  520 


Nitrocarbamic  acid,  395 
cellulose,  474 
chloroform,  157,  387 
cyanacetamide,  238 
erythrol,  520 
fatty  acids,  350 
ethyl  alcohol,  124,  308 
urea,  399 

form,  159,  235,  387 
glycerine,  474 
guanidine,  414 
Nitrogen,  determination,  21 

carbon  monoxide,  389 
carbonic  methyl  ester,  389 
Nitrohydantoin,  401 

isobutyl  glycol,  477 
propyl  alcohol,  308 
valeric  acid,  351 
Nitrol  acetic  acid,  438 
Nitroamines,  320 
Nitrolactic  acid,  339 
Nitrolic  acids,  157,  223,  270 
malonic  acid,  486 

aldehyde,  477 
malonyl  urea,  507 
mannite,  541 
methane,  156,  387  , 

disulphuric  acid,  235 
methylisoxazolon,  482 
nitroso-propane,  158 
octane,  154,  157 
olefines,  154 
paraffins,  154,  162 
phenol,  477 
propionic  acid,  350 
propylene,  157 
prusside  of  sodium,  232 
Nitrosates,  93,  3X9 
Nitrosites,  93,  3X9 
uracil,  5*3 
uracilic  acid,  5*3 
urea,  399 
urethane,  395 
Nitroso-amines,  170 
diethylin,  170 

methylaniline,  167 
methylin,  170 
guanidine,  415 
methyl  urethane,  207,  395 
paraldimine,  206 
urea,  399 
urethane,  395 
Nitrous  acid  ester,  144 
Nitrotartaric  acid,  4&5>  S2° 

Nobel’s  blasting  oil,  474 
Nomenclature,  57 
Nonadecane,  86 
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[Nonan-diacid],  455 
Nonane,  84,  86 
Nonnaphtene,  88 
Nonoisosaccharic  acid,  571 
Nonoses,  545,  553 
Nonylenic  acid,  193,  278,  284 
Nonylic  acid,  250,  286 
Normal  structure,  43,  109 
Nuclein,  584 
Nucleus  isomerism,  41 
syntheses,  85 
Nut-oil,  286 


O 

OCTADECANE,  86 
[Octadien],  99 
[Octan-diacid],  455 
Octane,  86 
Octanolactam,  360 

tesserakaideca-carboxylic  ester,  559 
Octobromacetylacetone,  323 
Octoic  acid,  250 
Octo-napthen,  88 
Octoses,  543 
Octyl  alcohols,  129,  286 
(Enanthol,  129,  196,  206,  277,  286,  340 
CEnanthone,  215  J  V 

(Enanthyl  aldehyde,  196 
(Enanthylic  acid,  250,  261,  265,  268 
Oil-forming  gas,  90 
of  garlic,  130,  150 
of  the  Dutch  chemists,  302 
sweet  (see  Glycerol). 

Oils,  fats,  drying,  286 

non-drying,  285,  472 
Olefine  acetylenes,  99 
alcohols,  130 
aldehydes,  207 

carboxylic  acids,  276,  455,  518 
glycols,  297 
haloids,  300 
ketones,  221 
Olefines,  89 

Oleic  acid,  50,  276,  285,  455 
Olein,  252,  475 
Optical  rotatory  power,  67 
Optically  inactive  substances,  decompo¬ 
sition  of,  68 
Orcinol,  383 

Orsellinic  erythrol  ester,  520 
Ortho-acetic  acid  derivatives,  256,  322, 
372 

acetone  ethyl  ether,  217 

methyl  ether,  217 
acids,  217 


Ortho-carbonic  acid  esters,  383,  286 
formic  acid,  217 

ester,  224,  233,  478,  483 
glyoxal  diethylene  ether,  321 
oxalic  acid,  434 
silicic  acid  esters,  147 
thioformic  acid  esters,  204,  234 
Osamines,  535,  546 
Osazone  acetyl  glyoxylic  acid,  484 
Osazones,  328,  546 
Oscillation,  56 
Osmotic  pressure,  29 
Osones,  546 

tetrazones,  328 
triazones,  328 

Oxal  acetic  acid,  491,  499,  571 
aldehyde,  320 
amidine,  438 
Oxalan,  506 
Oxalates,  227,  433 
citric  acid,  571 
diacetic  acid,  528 
diamidoxime,  438 
dihydroxamic  acid,  438 
di-imide  dihydrazide,  438 
hydrazide,  436 

Oxalic  acid,  124,  260,  273,  364,  370, 
402,  432 

ester,  118,  164,  434,  484 
imide,  435 
Oxalines,  321 
Oxalkyl  bases,  308 

laevulinic  ester,  528 
Oxalo  nitrile,  436 
succinic  acid,  531 
Oxaltin,  509 
Oxaluric  acid,  505 
Oxalyl  chloride,  434 
diacetone,  521 
guanidine,  506 
urea,  505 
Oxamethane,  435 
Oxamic  acid,  435 
Oxamide,  435 
Oxamidine,  271 

Oxamine  chloride  acid  ester,  435 
Oxanilide  dioxime,  238 
Oxazolon  hydroxamic  acid,  498 
Oxazomalonic  acid,  499 
Oxethyl  aceto-acetic  ester,  345 
amine,  124,  309,  356 
ethylene  sulphide,  304 
sulphone  methylene  sulphonic 
acid  lactone,  305 
sulphuric  acid,  306 
trimethyl  ammonium  hydroxide, 
3°9 
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Oxetones,  217,  478 

Oximes,  161,  206,  219,  320,  325,  367, 
371,  376,  382,  5°°>  535.  etc- 

Oximide  chloride  acid  ester,  435 

Oximido-acetic  acid,  367 

acetone  dicarboxylic  acid,  502 
acetonitrile  acetate,  367 
butyric  acid,  371,  376 
cyanpyroracemic  acid,  500 
dibrompyro racemic  acid,  37 ^ 
ether,  438 
glutaric  acid,  501 
malonic  acid,  486 
mesoxalyl  urea,  5°9>  5I3 
methyl  isoxazolon,  484 
propionic  acid,  367,  371,  491, 
500 

succinic  acids,  491,  5°° 
Oxo-glutaric  ester,  501 
malonic  ester,  498 
Oxonic  acid,  505,  512 
Oxopentamethylene,  454 
piperidine,  360 
propane,  21 1 
stearic  acid,  382 
succinic  acid,  499 
valeric  acid,  379 
Oxy  acetic  acid,  321,  330,  334 
acetone.  317 
acid  nitriles,  2 1 4,  349 
acrylic  acid,  362,  369 
aldehyde  ketones,  478 
aldehydes,  315,  47.7,  52i,  535,  542 
aldebydo-carboxylic  acids,  568 
amido-glutaminic  acid  ester,  5°2 
butyric  acids,  337,  342 
aldehyde,  193,  316 
caproic  acid,  342 
caprolactone,  381,  481 
caprylic  acid,  342,  349,  350 
carboxylic  acids : 

dioxy-,  479,  521 
monoxy-,  329,  485,  529 
polyoxy-,  564 
tetraoxy-,  537 
trioxy-,  521,  538 
Oxycitraconic  acid,  527 
citric  acid,  539 

coumarine  carboxylic  acid,  500 
crotonic  acid  derivatives,  362 
dialkyl  acetic  acids,  337 
dimethyl  nicotinic  acid,  496 
ethylene  succinic  acid,  487 
formaldehyde,  224 
furazan-acetic  acid,  500 

carboxylic  acid,  499,  500 
glutaric  acid,  493,  494 


Oxyhaemoglobins,  584 

'  isobutyl  acetic  acid,  337 

butyric  acids,  283,  337,  342>  35°* 
402 

caproic  acid,  342 
caprolactone,  284,  481 
crotonic  acid,  362 
Oxy-isoctylic  acid,  342 
heptolactone,  481 
heptylic  acid,  342 
lactone,  481 
succinic  acids,  370,  486 
valeric  acid,  284,  337,  35° 
Oxyisoxazole  dicarboxylic  ester,  502 
Oxyketone  carboxylic  acids,  482,  5  21, 

527,  571 

ketones,  317,  47&>  521y  551 
lactones,  481 
malonic  acid,  485 
methane  disulphonic  acid,  235 
methylene  acetic  acid,  361,  364 
acetoacetic  ester,  483 
acetone,  319 
acetyl  acetone,  478 
succinic  ester,  495,  502 
diethyl  ketone,  319 
disulphonic  acid,  204 
glutaconic  acid,  496 
malonic  ester,  494,  533 
propionic  acid,  362  • 

furfurol,  552 
pyromucic  acid,  235 
sulphonic  acid,  204 
myristic  acid,  338 
neurine,  310 
nicotinic  acid,  496 
palmitic  acid,  338 
pentinic  acid,  379 
phenyl  amidopropionic  acid,  581 
propionic  acid,  581 
propionic  acid,  335 
propyl  malonic  acid,  345 
pyroracemic  acid,  482 

aldehyde,  478 
tartaric  acid,  491 
quinaldine,  363 
stearic  acid,  338 
sulphonic  acids,  204 
tetralidine,  208,  316 
tetrinic  acid,  379,  464 
toluic  acid,  484 
tricarballylic  acid,  529 

methylglutolactonic  acid,  494 
uracil,  5*3 
urethane,  405 
uvitic  acid,  235,  376,  483 
valeric  acids,  338,  342 
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Oxyvalerolactone,  481 
vegetable  gums,  579 
Ozokerite,  88 


P 

Palm  fat,  252 
oil,  250 

Palmitic  acid,  92,  130,  215,  250,  286 
aldehyde,  196 
cetyl  ester,  257 
myricyl  ester,  257 
Palmitin,  252 

amidoxime,  271 
Palmitone,  215,  252 
nitrile,  268 
oxime,  220 
Pancreas,  516,  576 

diastase,  573 
Pangium  edule,  228 
Papain,  587 
Paper,  579 
Parabanic  acid,  505 
Parachloralose,  550 
Paraconic  acid,  492 
Paracyanogen,  437 
Paraffin,  88 

alcohols,  1 17 
aldehydes,  189 

carboxylic  acids,  224,  428,516, 

531,  539 
ketones,  209 
Paraffins,  79,  93,  138 
Paraform,  445 

aldehyde,  194 
Paralactic  acid,  337 
Paraldehyde,  195,  282,  477 
Paraldinim,  206 
Paraldol,  316 
Param,  414 
Paramucic  acid,  570 
Paramylum,  578 
Paranthracene,  75 

propyl  aldehyde,  197 
sorbic  acid,  289,  362 
tartaric  acid,  523 
xanthine,  514 
Parchment,  vegetable,  579 
Pastinica  sativa,  248,  256 
Paullinia  sorbilis,  515 
Pectine  substances,  579 
Pectinose,  536 
Pelargonamide,  265 
Pelargonic  acid,  250,  284 
Pelargonium  roseum,  250 
Penicillium  glaucum,  68,  336,  357,  493 


Penta-acetyl-glucono-nitrile,  535,550,566 

Pentachloracetone,  217 
ethane,  103 
glutaric  acid,  453 
pyridine,  467 
pyrrol,  448,  463 
decane,  86 
decatoic  acid,  249 
[Pentadien],  99 
Pentaethyl  phloroglucin,  216 
erythrite,  194,  520 
glycol,  296 
Pental,  94 

Pentallyldimethylamine,  169 
methylene,  89 

bromide,  303,  455 
derivatives,  78 
diamine,  293,  296,313, 
360*  453 
glycol,  296 
iraide,  296,  360,  452 
oxide,  299,  360 
tetramine,  205 
methyl  phloroglucin,  216 
Pentan-al],  196 
Pentan-diacid],  452 
Pentan-dion],  322 
*entane,  85,  138 

tetracarboxylic  ester,  532 
tricarboxylic  acid,  518 
Pentanolid,  345 
[Pentanon],  216 
[Pentanon  acid],  379 
Pentantrion,  479 
Pentaoxycaproic  acids,  564 
pimelic  acid,  571 
triacontane,  86 
°entenic  acids,  283 
Pentine],  98 
*entinic  acid,  379,  482 
Pentites,  533 

space- isomerism  of,  556 
Pentosanes,  577 
Pentylene  glycol,  296 

oxide,  296,  299 
ethylene,  93 
Pepsin,  583,587 
Peptones,  584 
Perbrom  acetone,  21 7 
ethane,  104 
ethylene,  104 
Perchloracetaldehyde,  275 

acetic  methyl  ester,  275 
acetyl  acrylic  acid,  383,  463 
benzene,  100 

butdien  carboxylic  acid,  288 
butine  carboxylic  acid,  288 
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Perchlorcarbonic  ethyl  enter,  388 
ethane,  100,  103 
ether,  135,  136 
ethylene,  105,  275 
Perchloric  enter,  147 

methane,  100,  387 
methyl  ether,  134 

mercaptan,  393 

nulphthiocarbonic  methyl  enter, 
393 

vinyl  ether,  136 
iodoethylcnc,  105 
Perkin’*  reaction,  193 
JVroxid-di-inonitroso  butyric  acid,  484 
Per  nett,  542 

sulphocyanic  acid,  422 
Petroleum,  87 

benzine,  87 
ether,  87 
Phanotropy,  54 »  5  6 
Phenanthraquinone,  75 
Phenanthrenc,  74 
Phenol,  488,  568,  581 

carboxylic  acid,  387 
Phenyl-acetic  acid,  5^* 
acetol,  317 

alanine,  581  _ 

amido-dimethvl  pyrrol,  328 
amidopropionic  acid,  581 
asparagine  anil,  460,  490 
aspartic  acid,  49° 
azoimide,  458  A 

butidone  carboxylic  acid,  303 
butyrolactam,  3^>0 
Phenylene-diamine,  322 

gl ycol- acetal,  31  *> 

hydrazidomenoxahe  acid,  49s 

hydnmnc,  W 

kevulinic  acid,  359» 
381 

Phenyl  hydrazino-acetic  acid,  3  * 

pyroracemic  acid,  37 

Phenyl-hydroxonM,  ,.n 

I-hcyl-ortho  pil^"''  449 

Sr.ricUoxylic.cW,  468 

Phoronic  acid,  5°3  ^86,  388,  3*9 

Phosgene,  234,  244.  377. 
phosphines,  173 
Phonphlnic  aculn,  J73 
Pbospho  acid*,  *75 


Phosphoric  acid  esters,  147 
Phosphorous  acid  esters,  147 
Phosphorus  alkyl  compounds,  173 
determination,  23 
Phthalimide  potassium,  162 
Phthalyl-amidobutyro-nitrile,  359 
glycocoll  ether,  354 
propyl  malonic  ester,  359 
Phycite,  520 
Phyllocyanine,  585 
porphyrin,  585 
Physical  isomcridcs,  41 

properties  of  the  carbon  com¬ 
pounds,  58 
Hiytosterin,  588 
Picoline,  208,  473 

dicarboxylic  acid,  371 
Picric  acid,  387 
Picryl  chloride,  165 
Pimclic  acid,  444,  455 
Pimelimide,  449 
Pinacoline,  209,  216,  296,  370 
Pinacolyl  alcohol,  129 

sulpho-urca,  409 
Pinacone,  209,  212,  296 
Pinus  larix,  577 
Piperazine,  314.  35” 

salt  of  uric  acid,  51 1 

Piperic  acid,  525 

piperidic  acid,  359  aia  AC. 

Piperidine,  99,  3*5.  3*7.  36°.  4*4,  453 
Piperidone,  3^° 

Piperidyl-methanc,  359 

p'ivahc  add  (see  Trimethyl  acetic  acid). 
Place  isomerism,  4*  . 

Plane-symmetric  configuration,  49 
Plasmolytic  method,  29 
Plaster,  252 

PokrizSon5p7l7ane,  deviation  of,  67 

Polyethylene-glycols,  295 

glycollidc,  274,  339 
Polymerism,  4*  f 

Polymerization,  93.  *94. 4 
7  methylene  bromides,  303 
saccharides,  *20,  577 
Potassium  alkyls,  184 
cyanide,  23° 
isocyanate,  4*7 
Potato-spirit,  122 

starch,  1 23  go 

Powder,  smokeless,  474.  5 
Propaditfn],  99 
'  Propanalon] .  32  * 

Tropan  diacid],  4.3 ) 

’Propandiol],  295 
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’Propandiol-acid],  480 
Propandiolal],  477 
Propandiol-diacid],  497 
Propandiolon] ,  477 
Propane],  84,  85 
Propane-tricarboxylic  acid],  517 
Propan-nitrile],  368 
’Propanol],  1 25 
Propanol  acids],  335 
Propanol-diacid],  485 
Propanolon],  318 
Propanolon  acid],  482 
Propanon],  214 
Propanon-acid],  369 
Propanon]-di-  and  triphenyl  hydra- 
zones,  479 
[Propantriol],  471 
Propargyl  alcohol,  132 
amine,  169 
ether,  136 
haloids,  143 

Yopargylic  acid,  287,  468 
Propen -acid],  280 
Propenol],  130 

Propenyl-penta  carboxylic  acid,  539 
trichloride,  472 
Yopeptones,  583 
Propin -acid],  387 
Propine],  99 

Yopiolic  acid,  136,  281,  387 
!3ropionaldoxime,  206 
Yopionamide,  265 
Yopione,  215 

Yopionedialkyl  sulphones,  218 
Propinol],  132 

Propionic  acid,  74,  126,  247,  256,  280, 
387,473 

Propionon-dicarboxylic  acid,  503 
Propionyl-carboxylic  acid,  370 
cyanacetic  ester,  499 
cyanide,  371 
fluoride,  258 
formamide,  370 
propion  aldoxime,  327 
propionic  ester,  378 
Propyl-acetylene,  97,98 

carboxylic  acid,  288 
alcohol,  122,  125 
aldehyde,  126,  196,  209,  21 1, 
214 

phenyl -hydrazone,  207 
amidovaleric  acid,  359, 
amine,  167 
butyrolactone,  346 
chloramine,  169 
chloramylamine,  31 1 
dichloramine,  169 


Propylene,  91,  94,  99,  125,  472 
bromide,  303,  444 
chlorhydrin,  342 
chloride,  142,  303,  472 
diamine,  313 
glycol,  68,  295 

chlorhydrin,  301 
diacetate,  304 
haloids,  303 
oxide,  126,  214,  299 
pseudo-thio  urea,  410 
pseudo-urea,  404 
tetracarboxylic  acid,  533 
Propyl  ether,  136 

ethylene,  94 
halogenides,  140,  141 
Propylidene  acetic  acid,  283 

chloride,  201,  301 
diacetic  acid,  453 
mercaptal,  204 
mercaptan,  149 
methyleneamine,  205 
methyl  ether,  136 
nitramine,  171 
nitrolic  acid,  158 
oxalic  acid,  434 
paraconic  acid,  346,  493 
piperidine,  360 
pseudonitrol,  158 
sulphide,  149 
tricarballylic  acid,  518 
valerolactam,  360 
lactone,  346 
Protagon,  476 
Protein  substances,  580 
Protocatechuic  acid,  528 
Protococcus  vulgaris,  520 
Prussic  acid, ‘228 
Pseudo-butylene,  89 
forms,  54 
ionone,  221 
itaconanilic  acid,  492 
lutidostyril,  362,  363 

r,  ,  .  carboxylic  acid,  363 

I  seudomensm,  54 

nitrols,  157 
sulph-hydantoln,  410 
sulphocyanogen,  422 
urea,  409 

thiohydantoin,  410 
urea,  404 

.  uric  acid>  507,  5 1 1,  5i3 
Ptomaines,  310,  31 1,  581 
Ptyalin,  573,  587 
1 unn,  51 1 
Purpuric  acid,  510 
Putrescine,  332 
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Pycnometer,  6 1 

pyrazine,  314,  3*6,  319 
Pyrazole  derivatives,  484,  520 
Pyrazoles,  3 20 
Pyrazoliri,  208 

carboxylic  ester,  207,  279, 3O6 
derivatives,  458 
Pyrazolon,  367 

derivatives,  363,  468,  500, 

502,  527*  53* 

Pyrazolonopyrazolon,  528 

Pyridine,  74,  7*,  3*5,  453,  52i,  537,  5°7 
derivatives,  268,  270,  376 

Pyridone,  363 

Pyrimidine  derivatives,  268,  270,  37° 
Pyrocatechin,  527,  549 
Pyrocincbonic  anhydride,  466 
Pyro-condensations,  74 
glutaminic  add,  493 
mode  acid,  57* 

Pyrone,  478,  538 

derivatives,  53® 

Pyroracernic<add,  369 

alcohol,  317 
aldehyde,  32* 
hydrazone,  328 
Pyrosulphuryl  chloride,  388 
Tyrotartaric  add,  444 >  44^,  44  >>  4 
45?,  465 

terebic  acid,  2»4  u 

tritartaricadd,  324,  37°,  4*5 
Pyroxylin,  580  ^ 

Pyrrol ,  3°°.»  3*5,  449,  5  g  , 

derivatives,  318,  324,  ' 

Pyrrolidine,  3*4 
Pyrrol  idon,  36° 

Pyrrolin,  3*4 
Pyrrolylene,  *°° 
pyruvic  acid,  369 
Pyruvil,  5°5 

Q 

QfMRTKNyUC  add,  282 

Quercite,  439 

Q^fck  T^negar3 process,  244 

Quinones,  322  e47 

Quinoxalincs,  312,  3  > 


KACEMATKt,  524 

Racemic  acid,  523 


Radical  theory,  34 
Radicals,  17,  34,  39,  222 
Raffinose,  577 

Raoult’s  law  of  the  depression  of  the 
freezing-point,  32 
Rape  oil,  287 
Rapinic  add,  287 
Refract ometer,  67 
Residues,  39 
Resins,  390 
Resordnol,  383 

Retrogressive  substitution,  101,  273,  302 
Reversion,  573 
Rharnnite,  534 
Rhamnohexite,  542 

hexonic  add,  564 
hexose,  551 
Rhamnonic  acid,  537 

Rbamnose,  53°  .  , 

carboxylic  acid,  5°7 

Rhodinol,  1 32 
Rhubarb,  487 
Ribonic  acid,  537 
Ribose,  536 
RidnelaTdic  acid,  287 
Ricinoleic  acid,  286 

Ricinstearolic  acid,  287  «  -4:0 

King-shaped  bodies,  78,  «95.  2l8.  2°*> 
”?o,  298,  314,  324,  3£  3f.  334, 
338,  353,  35«,  36°,  366,  4°°»  4*3, 
419,  446,  448,  454,  456,  483,  49°, 

532,  539 

Roccellic  acid,  455 
Rocella  montaguei,  520 
tinctoria,  455 
Roman  oil  of  cumin,  283 
Rotatory  power,  magnetic  optical,  9 

Rurn,  lJ£ftc.a]'  227>  256 
Ruta  graveolens,  216 


S 

S  »  Symmetrical. 

SACCHARATRS,  574*  575 
Saccharic  acid,  537 
Saccharimeter,  575 
Saccharin,  537 

Saccharobios«,  12*^57^  ^  vini>  I20 

Saccharomyces  ce 

538 
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Salicylide-chloroform,  234 
Saliva,  576,  587 
Salt  of  sorrel,  433 

Saponification,  137,  239,  252,  255,  264, 
472,  517 
Sarcine,  516 
Sarcosine,  355 

anhydride,  358 
SchifTs  bases,  350 
Schizomyces,  122 
Schweinfurt  green,  246 
Sebncic  acid,  286,  455 
Secalose,  552 
Seignette  salt,  525 
Selenium  alkyl  derivatives,  154 
Semicarbazides,  399,  405 
Seminose,  548 
Senegal  gum,  578 
Serecine,  481 
Serin,  481 

Serum  albumin,  583 
globulin,  583 

Silicon  alkyl  derivatives,  180 
nonane,  180 
Silicononyl  alcohol,  181 
Silicopropionic  acid,  181 
Silver  cyanide,  231 
Sinamine,  426 
Sinapin,  309 
Sincalin,  309 
Skatol,  581 

acetic  acid,  581 
carboxylic  acid,  5S1 
Shwowitz,  122 


Soaps,  137,  239,  252,  472 
Sodium  acetoacelic  ester,  374,  377,  458 
ethylate,  124,  374 
formate,  118 
glycollate,  295 
malonic  ester,  441,  458 
.  press,  374 
Sorbic  acid,  289 
Sorbin  oil,  362 
Sorbinose,  552 
Sorbite,  541,  120 
Sorbitol,  120,  541 
Sorbose,  552 
Sorbua  aucuparia,  289 
Sorghum  saccharatum,  573 
Special  chemistry,  44 
Specific  gravity,  59 

rotary  power,  69 
Spermaceti,  257 
Sprit,  123 
Stachyose,  577 
Starch,  iai,  247,  577 

e»'».  57s 


Starch,  sugar,  548 

varieties,  577 

Stearic  acid,  84,  216,  249,  250 
455 

aldehyde,  196 
amidoxime,  271 
Stearin,  252,  475 

candles,  252 
Stearolic  acid,  288 
Stearone,  216 
Stearonoxime,  220 
Stearoxylic  acid,  288,  484 
Stereo- chemistry  of  carbon,  45,  49 

.  of  nitrogen,  51 

Stibmes,  179 
Structure,  37 

theory,  37,  43 
StutTer  s  law,  305 
Suberene,  89 
Suberic  acid,  455 
Suberonc,  455 
Succin-aldehyd-dioxime,  327 
amic  acid,  448 
amide,  447,  449 
anil,  449 
nnilic  acid,  448 
Succinates,  443 
Succin-bromimide,  448 

ethylnmic  acid,  448 
ethyl  ester  chloride,  446 
haloidimide,  448 
hydrazide,  449 

Succinic  acid,  75,  77,  443,  465 
esters,  444,  531 
ethylene  ester,  444 
iniide,  448 
imidoxime,  450 
methylimide,  381 
Succino  nitrile,  449 
Succino  succinic  ester,  444 
Succinphcnyl-hydrazide,  449 
Succinyl  chloride,  446 

ethylene-diamide,  449 
hydroxamic  acid,  450 
peroxide,  447,  449 
Sugar  cane,  573 
beet,  573 

Sulphamic  acids,  170 
Sulphamidea,  170 
Sulphamido-barbituric  acid,  509 
valeric  acid,  359 
Sulphinates,  cyclic,  347 
Sulphine  compounds,  150 
Sulphuric  acids,  153 
Sulpho  acetic  acid,  306 
curbamic  acid,  406 
carbonic  ncid,  389,  391 


IJTDEX. 


C2I 


S^^bo-cjaaa«tk  add,  423 
ct  ssacetcce,  423 
cjasate  of  potaanM,  230,  422 
cjar.  gr«5.  421 
hydride,  422 
cjztac  add,  422 
gadk  rf  aara/dua,  422 
of  saercsry.  422 
of  y/jAvr^L,  422 

eyarjsric  aad,  425 
dkcirtacKe,  165 
Salpbooal,  215,  218 
Sokbooe-d  acetic  add,  348 

diptopaoaac  add,  34* 
Salpfaooes,  151,  202,  218 
Salpooeric  adds,  152 
S«&&c>ecsai  coct^oaod*,  150 
*  **ddcadd,4*9 
bt«l,407 

SaSp^xides,  15*  ..  ^ 

fbaocarte*  c  add,  3*9*  351 

taar.es,  305 

Sslpbcr  detendratk*,  23 
edser.  134 
Salpbfiric  ester,  144 
Sdpteroas  esters,  146 
SeltsteaTd-dkdiy^aase,  *65 

Sd^ates,  14* 

Sesligbi,  zctkc  <f,  74*  443 
SrtBj^ase,  573.  5*7 
Sfttbesb,  Si 
Sr^bctic  methods,  el 

Syntocmi,  5*3-  5*4 


TaUTE,  541 . 

TslIow  Taneoes,  2y>,  4*3 
Tak-mndc  add,  5*4,  57* 

Talooic  add,  367 

Takae,  55* 

Tar&ias,  543 

?^S'Sis,44-4S,^:75..««,5®. 
521.  563* 5/J 

w,  5^3 

Tartrzto,  525 

Tanrarise,  52*  - 

Tartrocic  acid,  473’  4*5*  5  5 

Tartronyl  ere*.  506 
Taorioe,  306*  3** 

Taarobetalse,  J*! 

carbaffik  add,  3®7*  40* 
cholic  add,  3°^>  5*7 


a^Hb,  154 

Teracoaac  add,4bS 
Terser*  jc  add,  2S4 
Tercc^c  add,  zSt-  34^,  dd  443 
Terpeatde  (d,  67,  4.66,  493 
Ter^e-rySk  add,  2C4-  453 
Terdarybetri  akedod,  126 
cartaod,  128 
methyl  jusooe,  120,  2t^, 
216 

Tetra-teetyk&e  dicartoxjdk  aoi,  468 
easai,52«^^ 

tesrszoees,  172 
tride  cadee,  5S4 
fcroodiacefy?,  322 
ethane,  *04 
fc*makzrse,  4*3 
•  j^Ka^e,  iccz,  3S4.  ^7 
eike  acesoee,  125,  216 
(Sacetyi,  322 
dsketo-adz^c  add,  52S 
ttkfe,  103 

etbyieee- 105 
gisdeeek  aad,  4^7 
afiaD*  /see  Carte*  terra- 

chloride). 

jotar5  pwiroi,  445*  4-4 

Tetncomme,  84 
d ecane,  86 
ethyl  acetooe,  215 

coste*r.ds,  M® 
2T10C--3  CC*X®j»5i  */9 
etb^ba  coe^crasds,  l'/S 
ethyl-oxalic  add,  434 
pksfiiCcicB  " 

*74  . 

sddet*  estc?®A  179 

tetrazsjoe,  172 

*■**.  399  , 

fair  osdse- 102,  383,  3*0 

Jrrdxo-carTt®e.  382 

fef=raae,  299.  ?»  t _ ,, 

tetracarte.xj'ac 

estrr.  53*, 
pieolke,  3** 
pyridine,  317 
prrroi,  99*  3*4*  3s0 

i«2o-etiyl«ie,  *06 

s-share,  102,  383.  3*7 

2^.Ti  iCttMC,  215 

aDoxacik,  5*° _ ^  ^ 


Taastoeserisni,  54  , 

ratnal,  50 


arsed  _a  ccs=rf’cac4'  1 '  ? 

«ii^idobesizopoete*e,  y$9 
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Tetramethyl  ethylene  lactic  acid,  342 
nitrosyl  chloride, 
308 

oxide,  209,  296, 
299 

sulphocarbamide, 

409 

glycol,  209 
methane,  85 
methylene  diamine,  205 
phosphonium  compounds, 
175 

pyrazine,  381 

stibonium  compounds,  179 
succinic  acid,  446 
Tetramethylene,  89 

bromide,  303 
carboxylic  acids,  279, 
456,532  ’ 
derivatives,  78 
diamine,  313,  360 
glycol,  296,  360 
imide,  314,  360 
nitrosamine,  315 
oxide,  299,  360 
methylium  compounds,  168 
nitromethane,  159,  382.  287 
oxyadipic  acids,  569 
valeric  acids,  537 
Tetrinic  acid,  317,  379,  482 
Tetrolic  acid,  277,  282,  288 
Tetronal,  218 
Tetronic  acid,  482 
Tetrose,  315,  520,  534 
Thallium  alkyl  compounds,  186 
Theine,  166,  504,  515 
Theobroma  cacao,  514 
bromic  acid,  251 
bromine,  504,514 
phylHne,  504,514,  5*5 
lneory,  dualistic,  34 

electro-chemical,  34 
structural,  37 
types,  34,  260,  274 
valence,  37 
Thermometer,  62 
Thetines,  348 
Thiacetamide,  269 
Thiacetic  acid,  261 
Thialdin,  203 
Thiamides,  223,  269 
Thiazoles,  269,  410,  423 
Thio-acetaldehyde,  203 
acetals,  204 
acetic  acid,  262,  410 
acids,  261 
alcohols,  148 


Thioaldehydes,  203 
benzophenone,  393 
carbamic  acid,  406 
carbonic  acid,  389,  390 
carbonyl  chloride,  392 
cyanacetic  acid,  423 
Thiocyanic  acid,  422 

ester,  391,  423,  426 
Thiocyanuric  acid,  425 
Thiodialkylamines,  170 
dibutyric  acid,  347 
diethylamine,  170 
diglycol,  304 
diglycollic  acid,  347 
dilactylic  acid,  347 
ethers,  149 
ethylamine,  31 1 
ethylimide,  232 
formaldehyde,  214,  424 
glycollic  acid,  347 
hydantoln,  347,  410 
ketones,  212 
[Thiol  acids],  261 
Thiolactic  acid,  347 
Thiomethane,  407 
Thion  acids,  261 
Thionamic  acids,  170 

carbonic  acid,  389,  391 
carbon -thiol  acids,  391 
[Thionthiol  acids],  261 
Thionuric  acid,  509 
Thionylamines,  165,  170 
Thionylchloride,  165 

dialkylamines,  170 
diethylamine,  165,  170 
hydrazine,  172 
ethylamine,  165 
tetra-alkyl  diamines,  170 
Thiophene,  74,  78,  300,  447 

carboxylic  acid,  571 
compounds,  324 
phosgene,  390,  392 
propionamide,  269 
pseudouric  acid,  508 
semicarbazide,  410 
Thiosinamine,  409 
Thio- sulphuric  acids,  153 
tetra-alkyl  diamines,  1 70 
tolene,  380 
uramil,  507 
urethanes,  407 
Tiglic  acid,  50,  283 
aldehyde,  208 
Tin  alkyls,  181 
Tolane  dibromides,  50 
dichlorides,  co 
Toluene,  73 
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Trimethyl  isomelamine,  428 
melamine,  428 
methane,  85 

phosphine  compounds,  1 74 
pyrazoline,  220 
pyroracemic  acid,  2 1 2,  216, 
337 >  370 

stibine  derivatives,  1 79 
succinic  acid,  446 
sulphine  compounds,  151 
tricarballylic  acid,  518 
vinyl  ammonium  hydroxide, 
169, 309 
xanthine,  515 
Trimethylene,  89 

bromide,  102,  302,  303, 
452,  532 

carboxylic  acids,  279,  367, 
456,  458, 464.  486,518, 
532 

chloride,  303 
cblorobromide,  276 
cyanide,  293 
derivatives,  78 
diamine,  313 
dicarboxylic  acid,  456 
dimalonic  acid,  456 
diphthalimide,  312 
disulphone,  305 
disulphide,  203 
glycol,  295 

chlorhydrin,  301 
diacetate,  304 
haloids,  303 
imide,  314 
iodide,  303 
oxide,  214,  299 
triamine,  206 
trisulphone,  203 
urea,  400 
Trimyristin,  475 
Trinitrophenol,  387 
Trinitroacetonitrile,  235,  437 
Trinitrobenzene,  477 
Trinitromethane,  235 
Triolein,  475 
Trional,  218 
Trioses,  477,  534 
Trioxethylamine,  308 
imidopropane,  479 
Trioxoheptan,  479 
Trioxyadipic  acid,  538 
butyric  acid,  521 
glutaric  acid,  538,  563 
methylene,  194,  200,  552 
Inpalmitin,  475 
saccharides,  577 


Trisodium-phloroglucin-tricarboxylic  es¬ 
ter,  440 
stearin,  475 
sulphone  acetone,  218 
thio-acetaldehyde,  203 
acetone,  218 
carbonic  acid,  389,  392 
cyanuric  ester,  427,  428 
formaldehyde,  203 
ketones,  203,  218 
Trypsin,  583 
Turanose,  576 
Types,  chemical,  34 

mechanical,  35 
mixed,  36 
principal,  35 
secondary,  36 
Tyrosin,  69,  581,  586 


Undecane,  86 
Undecanonic  acid,  382 
Undecolic  acid,  284,  288,  382 
Undecylenic  acid,  284,  286,  481 
Undecylic  acid,  249,  250 
Ur-acids,  505 
Uracyl,  505 

Uramido-crotonic  ester,  513 
Uramil,  507,  513 
Urazole,  405 
Urea,  396 

alkylic,  398 
chlorides,  395 
UreTdes,  400,  505 
Ureo-ethane,  399 
Urethane  acetic  acid,  395 
Urethanes,  394,  403 
Uric  acid,  510,  50 

synthesis  of,  513 
Lrobutyrchloralic  acid,  199,  560 
Urochloralic  acid,  198,  569 
Uroxanic  acid,  512 
Uvic  acid,  370 
Uvitic  acid,  370 
Uvitonic  acid,  371 


»  alknce,  30 

Valeraldehyde,  196 
Valeriana  officinalis,  248 

**  **.  *« 
Valero-lactam,  360 

lactone,  344,  345 

carboxylic  acid,  494 
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Valeryl  thiocarbimide,  425 
Valerylene,  98 

Vapor  density,  determination  of,  27 
Vaporimeter,  123 
Vapor  pressure,  lowering  of,  30 
Vaselines,  88 
Vegetable  albumin.  583 
gum,  579 

Vicia  faba  minor,  509 
sativa,  509 
Vinaconic  acid,  486 
Vinol  130 

Vinyl  alcohol,  53>  *3° 

form,  319 
amine,  169 
bromide,  95,  105 
chloride,  105 
cyanide,  280 
diacetonamine,  219 
ether,  136 

ethyl  ether,  136 ;  of  ethylene  mer¬ 
captan  ,  304 
sulphide,  149 

trimethyl  ammonium  hydroxide, 
169,  309 
Violuric  acid,  5°9 
Vital  force,  17 
Vitellin,  583 
Volemite,  542 

Vulcanization  of  caoutchouc,  39° 


W 

Waxes,  130,  251,  256 
Weiss  beer,  122 
Wine,  122 

spirit,  1 18 
vinegar,  244 


Wood  gum,  579 
spirit,  1 17 
sugar,  536 

vinegar,  manufacture,  24c 
Wool  fat,  588 
Wurtz’s  reaction,  84,  92 


X 

Xanthane  hydride,  422 
Xanthic  disulphide,  392 
Xanthine,  513,  514 
Xanthochelidonic  acid,  538 
Xanthogenamic  acid,  406 
Xanthogenamides,  406 
Xanthogenic  acids,  390,  391 
Xanthoproteic  reaction,  582 
rhamnine.  536 
Xeronic  acid,  466 
Xylite,  534 
Xylonic  acid,  537 
Xyloquinone,  322 
Xylose,  536  . 

Xylotrioxyglutaric  acid,  537 

Xylylene  bromide,  531 


Y 

Yellow  prussiate  of  potash,  232 


Z 

Zinc  dlyls,  J*JtheseSi  g2, 92,  in,  *■<>. 
244.  259 

chloride,  92,  138 
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There  have  been  sold  more  than 
145,000  copies  of  Gould’s  Dictionaries 

See  Pages  12  and  13 


P.  Blakiston’S  Son  &  Company 

PUBLISHERS  OF  MEDICAL  AND  SCIENTIFIC  B00K* 
1012  WALNUT  STREET,  PHILADEL.PH 


Montgomerys  Gynecology 

A  PRACTICAL  TEXT-BOOK 


A  modern  comprehensive  Text-Book.  By  Edward  E. 
Montgomery,  m.d.,  Professor  of  Gynecology  in  Jefferson 
Medical  College,  Philadelphia ;  Gynecologist  to  the  Jefferson 
and  St.  Joseph’s  Hospitals,  etc.  527  Illustrations,  many  of 
which  are  from  original  sources.  800  pages.  Octavo. 

Cloth,  #5.00;  Leather,  $6.00 

***  This  is  a  systematic  modern  treatise  on  Diseases  of 
Women.  The  author’s  aim  has  been  to  produce  a  book 
that  will  be  thorough  and  practical  in  every  particular.  The 
illustrations,  nearly  all  of  which  are  from  original  sources, 
have  for  the  most  part  been  drawn  by  special  artists  who' 
for  a  number  of  months,  devoted  their  sole  attention  to  this 
work. 


The  book  is  one  that  can  be  recommended  to  the  student,  to 
e  general  practitioner — who  must  sometimes  be  a  gynecologist  to 
a  certain  extent  whether  he  will  or  not— and  to  the  specialist,  as  an 
ideal  and  in  every  way  complete  work  on  the  gynecology  of 

/y7a  ,prac.tlcal  work  for  practical  workers.” — The  Jour - 
nal  0/  the  American  Medical  Association. 


Byford’s  Gynecology 

Third  Revised  Edition 

A  MANUAL  FOR.  STUDENTS  AND  PHYSICIANS 


(’Unir^  W  Y  ^  By  ford,  m.  d.  ,  Professor  of  Gynecology  and 

neons  n?yrv  gy  “w  C°Uege  of  Phy^ians  and  Sur- 
geons  of  Chicago;  Professor  of  Clinical  Gynecology, 

omens  Medical  School  of  Northwestern  University  and 

iarL°dSt'G^UIirufe?iCaI  SCh°01’  rtC-  Third  Editio£  En¬ 
larged.  363  Illustrations,  many  of  which  are  from  nr;„;noi 

drawings  and  several  of  which  Le  Colored  llZo  & 

Cloth,  $3.00 


ok  to  hel|>  *  paredlbr  th  quic,kly  review  what  ought 
>ookP would'also  I*™?*}'1?"  ‘  h  h  °f 


- —  IU  lie. 

to  be  gotten  up,  so  as  to  r  r _ _  ^ 

book  for  the  colfege  cla^room  !"?ke  “  J11051  excellent  text- 

Richmond.  K  <-iass  room.  -Virginia  Medical  Semi-Monthly, 


By  JAMES  TYSON.  M.D.. 

Professor  of  Medicine,  University  of  Pennsylvania, 
Physician  to  the  Philadelphia  Hospital,  etc. 


The  Practice  of  Medicine.  Second  Edition. 

A  Text-Book  for  Physicians  and  Students,  with  Special  Ref¬ 
erence  to  Diagnosis  and  Treatment.  With  Colored  Plates 
and  many  other  Illustrations.  Second  Edition,  Revised  and 
Enlarged.  127  Illustrations.  8vo.  1222  pages. 

Cloth,  $5.50;  Leather,  $6.50;  Half  Russia,  $7-5° 
*  *  This  edition  has  been  entirely  reset  from  new  type. 
The  author  has  revised  it  carefully  and  thoroughly,  and 
added  much  new  material  and  37  new  illustrations. 


“We  are  firmly  convinced  that  at  the  present  time  Dr.  Tyson's 
book  on  Practice  can  be  most  heartily  commended  to  both  thepracti- 
tioner  and  student  as  a  safe,  reliable,  and  thoroughly  up-to-  a  g 
in  the  practice  of  medicine.0 — The  Therapeutic  Gazette . 

“  The  clinical  descriptions  are  clear  and  full,  and  the  methods  of 
treatment  described  are  those  generally  recognized  as  being 
modern  and  satisfactory/* — The  London  Lancet . 


Guide  to  the  Examination  of  Urine.  Tenth 
Edition. 

For  the  Use  of  Physicians  and  Students.  With  Colored 
Plate  and  Numerous  Illustrations  Engraved  on  00  . 
Tenth  Edition,  Revised,  Enlarged,  and  in  many  parts 'entirely 
rewritten.  Cloth,  *r-50 

V  A  French  translation  of  this  book  has  been  pub- 
lished  in  Paris . 


“  The  book  is  probably  more  widely  and  generally  kn°wn  and  ap- 
predated  than  any  of  its  similars  in  subject  and  scope. 

Medical  Journal. 

u  The  book  is  a  reliable  one,  and  should  find  a  place  the  i  rary 
of  every  practitioner  and  student  cf  medicine.  Boston  j. 

Surgical  Journal . 


Handbook  of  Physical  Dia.gnoiis.  Fourth. 
Edition. 

Revised  and  Enlarged.  With  two  Colored  plates  a«d  55 
other  Illustrations.  298  pages.  i2mo.  Clot  ,  *  i-5° 

“  Like  everything  else  emanating  from  this  distinguished  author 
this  little  book  is  replete  with  practical  information  from  eg  s 
cnd*” — 7  he  Chicago  Medical  Recorder .  .  f 

.  “  I  he  author  approaches  his  subject  from  a  Pr^tic^  _ 

vjew  and  the  little  work  will  prove  a  good  friend  to  the  student. 

*he  American  Journal  of  the  Medical  Sciences • 
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NEW  THIRD  EDITION— NOW  READY 


Morris'  Anatomy 

Rewritten — Revised — Improved 
WITH  MANY  NEW  ILLUSTRATIONS 

Out  of  102  of  the  leading  medical  schools  60  recommend 
“Morris.”  It  contains  many  features  of  special  advantage 
to  students.  It  is  modern,  up-to-date  in  every  respect.  It 
has  been  carefully  revised,  the  articles  on  Osteology  and 
Nervous  System  having  been  rewritten.  Each  copy  con¬ 
tains  the  colored  illustrations  and  a  Thumb  Index. 

Octavo.  With  846  Illustrations,  of  which  267  arc 
printed  in  colors. 

CLOTH,  $6.00;  LEATHER,  $7.00 

«« The  ever-growing  popularity  of  the  book  with  teachers  and  stu¬ 
dents  is  an  index  of  its  value,  and  it  may  safely  be  recommended  to  all 
interested." — From  The  Medical  Record ,  New  York. 

<•  Of  all  the  text-books  of  moderate  size  on  human  anatomy  in  the 
English  language,  Morris  is  undoubtedly  the  most  up-to-date  and  accu¬ 
rate."— From  The  Philadelphia  Medical  Journal . 


McMurrich — Kmbryology 

THE  DEVELOPMENT  OF  THE  HUMAN  BODY 

With  270  Illustrations 

A  Text- Book  for  Medical  Students.  By  J.  Playfair 

McMurrich,  Professor  of  Anatomy,  Medical  Department, 

University  of  Michigan.  527  pages.  Cloth,  $3.00 
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NINTH  EDITION 


POTTER'S  MATERIA  MEDICA, 
PHARMACY,  and  THERAPEUTICS 

An  Exhaustive  Handbook 


Including  the  Action  of  Medicines,  Special  Therapeutics  of 
Disease,  Official  and  Practical  Pharmacy,  and  Minute  Direc¬ 
tions  for  Prescription  Writing,  etc.  Including  over  650 
Prescriptions  and  Formulae.  By  Samuel  0.  L.  Potter, 
M.A.,  M.D.,  M.R.C.P.  (Lond.),  formerly  Professor  of  the 
Principles  and  Practice  of  Medicine,  Cooper  Medical  Col¬ 
lege,  San  Francisco  ;  Major  and  Brigade  Surgeon,  U.  S. 
Vol.  Ninth  Edition,  Revised  and  Enlarged.  8vo. 

With  Thumb  Index  in  each  copy. 

Cloth,  S5.00  ;  Leather,  $6.00 

*  *This  is  the  most  complete  and  trustworthy  book 
for  theuse  of  students  and  physicians.  Students  who  pur¬ 
chase  it  will  find  it  to  contain  a  vast  deal  of  information  not 
in  the  usual  text-books  arranged  in  the  most  practical l  ma 1  - 
ner  for  facilitating  study  and  reference.  can 
passed  as  a  physician’s  working  book. _ _ __ 

WHITE  AND  WILCOX,  Materia  Medica, 

Pharmacy,  Pharmacology,  and  Ihera- 
peutics.  Fifth  Edition. 

u  T-T ate  WHITE,  M.D., 
A  Handbook  for  Students.  By  •  Qn  Materia 

F.R.C.P.,  etc.,  Physician  to,  «»*  eK.  Fifth 

Medica  and  Therapeutics  a,  ynold  W.  Wilcox, 

American  Edition,  Revised  ^  .  ^jedicineand  Thera^ 
M  A  ,  M.D. ,  LL.D. ,  Professor  of  Medical  School  and 

peutics  at  the  New  York  Tost-  r*  ^  Hospital ;  Assist- 
Hospital ;  Visiting  Physician,  St.  — ~ 

ant  Visiting  Physician,  Be  evu^^  f3  O0 


I2I110. 

Leather,  $3-  5° 
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SUBJECT  CATALOGUE. 


MARSHALL.  Physiological  Diagrams.  Eleven  Life-Size 
Colored  Diagrams  (each  seven  feet  by  three  feet  seven  inches) 
Designed  for  Demonstration  before  the  Class. 

In  Sheets,  Unmounted,  $40.00;  Backed  with  Muslin  and 
Mounted  on  Rollers,  $60.00;  Ditto,  Spring  Rollers,  in  hand- 
IHn  Walnut  Wall  Map  Case,  $100.00;  Single  Plates— Sheets, 
$5.00;  Mounted,  $7.50.  Explanatory  Key,  .50.  Purchaser 
must  pay  freight  charges . 

MINOT.  Laboratory  Text-Book  of  Embryology.  218  Illustra- 
tions.  J ust  Ready.  ^4 

P0™V  Compend  of  Anatomy,  Including  Visceral  Anatomy. 
6th  Edition.  16  Plates  and  117  other  Illustrations. 

wtt  o/mvt  ,8°  ’  Interleaved,  $1 .00 

WILSON.  Anatomy.  11th  Edition.  429  IIlus.,  26  Plates.  $5.00 


BACTERIOLOGY. 


C0F'  Agricultural  Bacteriology.  Including  the  Study  of 
ProdfLf  %S  relatlnK  to  Agriculture,  Soil,  Dairy  and  Food 
roMMJUCtS’  bewage’  Domestic  Animals,  etc.  Illustrated.  $2.50 
bacteria  in  Milk  and  Its  Products.  Designed  for 
Illustrated  airyln£>  Boards  of  Health,  Bacteriologists,  etc. 

E15fiS,-ntatcS£f1“1  2  Cnlored  P1*«s  “(I 

Seoo'ncj 

su™ in  B*c“rl°1°w-  A 

BLOOD,  Examination  of. 

BRAIN  AND  INSANITY  (see  also 
Nervous  Diseases.) 

CHASE.  General  Paresis.  Illustrated.  *1-25 

pesl'  Suggestion.  See  Cohen, 

"ffiffUt  GSYunS”U,t  irttmy  °‘  «>"  Central 
HORSLEY.  The  Brain  and  sJnff  r  “‘i  °ther  Illus>  *6.00 

IRELAND118  Th  m  Umer0US  Illustrat ions'  The  Structnre :  and 

*£* ***-•  *  Bd.  ss 

Special  Reference  to  thePathowIcnl  aA  Te*t-Book  having 
Lithographic  Plates  and  other  illuftmtS  ^iTfty.oo 
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9 


MANN.  Manual  of  Psychological  Medicine.  $3.00 

PERSHING.  Diagnosis  of  Nervous  and  Mental  Disease.  Illus¬ 
trated.  $1.25 

REGIS.  Mental  Medicine.  Authorized  Translation  by  IT.  M. 

Bannister,  m.d.  $2.00 

SCHOFIELD.  The  Force  of  Mind.  $2.00 

STEARNS.  Mental  Diseases.  With  a  Digest  of  Laws  Relating 
to  Care  of  Insane.  Illustrated.  Cloth,  $2.75;  Sheep,  $3.25 

TUKE.  Dictionary  of  Psychological  Medicine.  Giving  the 
Definition,  Etymology,  and  Symptoms  of  the  Terms  used  in 
Medical  Psychology,  with  the  Symptoms,  Pathology,  and 
1  reatment  of  the  Recognized  Forms  of  Mental  Disorders. 
Two  volumes.  $10.00 

WOOD,  H.  C.  Brain  and  Overwork.  .40 

CHEMISTRY  AND  TECHNOLOGY. 

Special  Catalogue  of  Chemical  Books  sent  free  upon  application . 

ALLEN.  Commercial  Organic  Analysis.  A  Treatise  on  the 
Modes  of  Assaying  the  Various  Organic  Chemicals  and  Prod- 
ucts  Employed  in  the  Arts,  Manufactures,  Medicine,  etc., 
With  Concise  Methods  for  the  Detection  of  Impurities,  Adul¬ 
terations,  etc.  8vo. 

\ol.  I.  Alcohols,  Neutral  Alcoholic  Derivatives,  etc.,  Ethers, 
\egetable  Acids,  Starch,  Sugars,  etc.  3d  Edition.  $4.50 
Vol.  II,  Part  I.  Fixed  Oils  and  Fats,  Glycerol,  Explosives, 

Vi  Ctt  AS  Edltlon-  $3.50 

vol.  II,  Part  II.  Hydrocarbons,  Mineral  Oils,  Lubricants, 
.Benzenes,  Naphthalenes  and  Derivatives,  Creosote,  Phenols, 

V^tt  od  Edltion-  $3.50 

°ll  Terpenes,  Essential  Oils,  Resins,  Camphors, 

VrO  Ht  kEdltx°n’  .  Preparing . 

A AA*  E  Tannins,  Dyes,  and  Coloring  Matters.  3d 

Vol C  TTT0np  arged  .  and  Rewritten.  Illustrated.  $4.50 
p  .  L  *  art  The  Amines,  Hydrazines  and  Derivatives, 
x'ynciine  Bases.  The  Antipyretics,  etc.  Vegetable  Alka- 
v^i01ttV  T,ea’  poffee*  Cocoa,  etc.  8vo.  2d  Edition.  $4.50 
Ea.rt  Vegetable  Alkaloids,  Non-Basic  Vegetable 
fitter  I  nnciples.  Animal  Bases,  Animal  Acids,  Cyanogen 
Vnl  1 “DOTiHds,  etc.  2d  Edition,  8vo.  $4.50 

Er°teids  and  Albuminous  Principles.  2d 
Edition.  $4.50 

AILEY  AND  CADY.  Qualitative  Chemical  Analysis.  $1.25 

and  Pharmaceutical  Chemistry.  A  Text- 
°k  for  Medical,  Dental,  and  Pharmaceutical  Students.  With 
lUustratmng,  Cdossary,  and  Complete  Index.  5th  Ed.  $3.00 

Clinical  Chemistry.  The  Examination  of  Feces, 
oaliva,  Gastric  Juice,  Milk,  and  Urine.  $1.00 

Chemistry,  Inorganic  and  Organic.  With  Experi- 
_  ^nts*  9th  Ed.,  Revised.  281  Engravings.  Preparing. 

p  GE-  physiologic  and  Pathologic  Chemistry.  From  the 
i  ourth  German  Enlarged  Edition.  $3.00 

Elem*nts  of  Qualitative  and  Quantitative  Chem- 
ical  Analysis.  3d  Edition,  Revised.  $1.00 

CAMERON.  Oils  and  Varnishes.  With  Illustrations.  $2.25 
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SUBJECT  CATALOGUE. 


BROOMELL.  Anatomy  and  Histology  of  the  Human  Mouth 
and  Teeth.  Second  Edition,  Revised  and  Enlarged.  337 
handsome  Illustrations.  Cloth,  $4.50;  Leather,  $5.50 

FILLEBROWN.  Operative  Dentistry.  Illustrated.  $2.25 

GORGAS.  Dental  Medicine.  A  Manual  of  Materia  Medica  and 
Therapeutics.  7th  Edition.  Cloth,  $4.00;  Sheep, $5.00 

GORGAS.  Questions  and  Answers  for  the  Dental  Student. 
Embracing  all  the  subjects  in  the  Curriculum  of  the  Dental 
Student.  Octavo.  $6.00 

HARRIS.  Principles  and  Practice  of  Dentistry.  Including 
Anatomy,  Physiology,  Pathology,  Therapeutics,  Dental  Sur¬ 
gery,  and  Mechanism.  13th  Edition.  Revised  by  F.  J.  S. 
Gorgas,  M.D.,  D.D.s.  1250  Illus.  Cloth,  $6.00 ;  Leather,  $7.00 

HARRIS.  Dictionary  of  Dentistry.  Including  Definitions  of  Such 
Words  and  Phrases  of  the  Collateral  Sciences  as  Pertain  to  the 
Art  and  Practice  of  Dentistry.  6th  Edition,  Revised  and 
Enlarged  by  Ferdinand  J.  S.  Gorgas,  m.d..  d.d.s. 

Cloth,  $5.00;  Leather,  $6.00 

RICHARDSON.  Mechanical  Dentistry.  7th  Edition.  Thor¬ 
oughly  Revised  and  Enlarged  by  Dr.  Geo.  W.  Warren.  691 
Illustrations.  Cloth,  $5.00;  Leather,  $6.00 

SMITH.  Dental  Metallurgy.  2d  Edition.  Illustrated.  $2.00 

TAFT.  Index  of  Dental  Periodical  Literature.  $2.00 

TOMES.  Dental  Anatomy.  263  Illustrations,  oth  Ed.  $4.00 

TOMES.  Dental  Surgery.  4th  Edition.  289  Illus.  $4.00 

WARREN  Compend  of  Dental  Pathology  and  Dental  Medicine. 
With  a  Chapter  on  Emergencies.  3d  Edition.  Illustrated. 

.80;  Interleaved,  $1.00 

WARREN.  Dental  Prosthesis  and  Metallurgy.  129  Illus.  $1.25 

WHITE.  The  Mouth  and  Teeth.  Illustrated.  40 


DICTIONARIES.  CYCLOPEDIAS. 

GOaVuJ^q  ?he  IlluTs,tr.ated  Dictionary  of  Medicine,  Biology,  and 
Allied  Sciences.  Being  an  Exhaustive  Lexicon  of  Medicine  and 
those  Sciences  Coll  ate  ral  to  it:  Biology  (Zoology  and  Botanv) 
lemistry,  Dentistry,  Pharmacology,  Microscopy,  etc  with 

m~"“  6~  is* 

Sheep  or  Half  Morocco.  S10  00 ;  with  Thumb  Index.  $11.00 
Half  Russia,  Thumb  Index,  $12.00 
GOULD.  The  Medical  Student’s  Dictionary  nth  ti 

lustrated.  Including  all  the  Words  and  Phrofi**1  Edltl°n-  U- 
in  Medicine,  with  their  Proper  Pronunciation y  used 
Based  on  Recent  Medical  Literature  '  £  <«>d  Definition, 
nymic  Terms  and  Tests  and  Tabfes^f  ♦h.if1*  of  Epo- 

Mineral  Springs,  etc.,  of  the  Arteries  M,  ™!  Micrococci, 

Plexuses,  etc.  Eleventh  Edition  l*'  i  ^  Ner\’es.  Oanglia, 
with  a  large  number  of  Engravin'S^S^age^4  ‘Uustrated 
Half  Morocco.  *2.50;  with  Thumb  Index,  *3.00 
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SUBJECT  CATALOGUE. 


STo^rIrP'  Gulling  of  Practical  Histology.  368  Illustrations 
2d  Edition,  Revised  and  Enlarged.  With  new  Illus.  $2.00 

STOHR.  Histology  and  Microscopical  Anatomy.  Edited  bv 
A.  Schapeb,  M.D.,  University  of  Breslau,  formerly  Demon¬ 
strator  of  Histology,  Harvard  Medical  School.  Fourth  Amer- 

ilfustration9sth  German  Edltlon>  Revised  and  Enlarged.  370 

$3.00 

HYGIENE. 

°!  B°°ks  °n  Hyoiene  8ent  >ree  upon  application. 
CANKELD.  Hygiene  of  the  Sick-Room.  A  Book  for  Nurses 
and  Others.  Being  a  Brief  Consideration  of  Asensis  \nti- 
laUon,  eDtcmfeCtl0n’  Bact'eriol°8J*  immunity,  Heating",' Venti- 

$  1 . 2.5 
$2.50 
$1.25 

-  Text- 

Prcparinfj. 

.40 


lation,  etc. 

CONN.  Agricultural  Bacteriology.  Illustrated. 

CONN.  Bacteriology  of  Milk  and  Milk  Products.  Ulus 

C0BPoLoiN-  iagmSt  rygienC'v  A  .°mi>lete  American 
cook.  138  Illustrations.  New  Edition. 

HARTSHORNE.  Our  Homes.  Illustrated. 


K  uSP2d  3  Plates?  HCalth  Laboratory  Work,  lie  IUiwtra- 
LEtfoFn^mnU  P?ates*  Methods  in  Food  Analysis.  53  HlJtaJ 

LESf  affix? Sanitary  and  TecS 

Sd  Editbn.alySiS  °f  Milk  aDd  MUk  Products'  Illustrated. 
LINCOLN.  School  and  Industrial  Hygiene.  ^  40 

- re  of 

,‘o  a  The  Theory  and  Practice  of  Hvziene  kpi  , 

138  other  Illustrations.  8vo.  2d  Edition  ’  *  ®  Plates  and 

—  ss 

-  “-/a 

Variou.  Autho„.vj„  U.gjw’  »>■ 

WILSON^  ir^db  and  Water  Suppl^s‘  3d  Edition1 
WILSON.  Handbook  of  Hvviene  «nH  oa„-.  „  .  32.00 

Illustrations.  8th  Edition  d  Samtary  Science.  With 

knopp. 

STFFeTarmC,lia  Sl>ecial  Instit ut and  af Hon,ner°  IHy,axis 
STEELL.  Physical  Signs  of  Pulmonary  Disease.  IUul  S'300 

$1.25 


—  _ _ medjcal  books. 

ostrc*AS^E-  PHYSICAL  EXERCISP 

.sKtMrc",si 

a»* 

r;iph—  .„ 

braS^u1S^  ANP  THERAPEUTICS. 

CO<Si»3d»Ev.diV0"’  E->«K°fcSS-  DS 

fc1'*;.  Electrothernjy£°  ^Bmatolo^y.^Hy'drotherapy' 

insSdb»^s*gjSir  ‘fcr 

G9£GAS-  Dental ^Medicine.  A  Manual  of  Materia  Medica  and 
J  herapeutics.  7th  Edition,  Revised.  S4.00 

GROFF.  Materia  Medica  for  Nurses,  with  Questions  for  Self- 
Examination.  2d  Edition,  Revised  and  Improved.  Just 
Ready.  $1.25 

HELLER.  Essentials  of  Materia  Medica,  Pharmacy,  and  Pre¬ 
scription  Writing.  SI. 50 

MAYS.  Theine  in  the  Treatment  of  Neuralgia,  i  bound.  .50 
POTTER.  Handbook  of  Materia  Medica,  Pharmacy,  and  Thera¬ 
peutics,  including  the  Action  of  Medicines,  Special  Therapeu¬ 
tics,  Pharmacology,  etc.,  including  over  600  Prescriptions  and 
Formulae.  9th  Edition,  Revised  and  Enlarged.  With  Thumb 
Index  in  each  copy.  J ust  Ready.  Cloth,  $5.00 ;  Sheep,  $6.00 
“In  conclusion  we  may  add  that  Dr.  Potter  s  Therapeutics 
covers  a  wider  field  than  many  books  which  bear  this  title.  He 

SBS3S  «dok”K  SS  5SS  X 

(joV  >> — Therapeutic  Gazette. 

PATTFR  Compend  of  Materia  Medica,  Therapeutics,  and  Pre- 

ross&f a.  wBhUjjgu 

*SST  SS  N««s“  Sadies.  4.1.  Edition.  «.» 
MURRAY.  R  e  .  Medica  and  Pharmacognosy.  An 

SAYRE.  Organic  Materia  m  ^  VegeUhIe  Kingdom  and  the 

Introduction  fVjitml  Drugs.  Comprising  the  Botanical  and 
Vegetable  and  Juutnaj  jf  Source,  Constituents,  and  Pharma- 

Phvsical  Characteristics,  oou  ^.ous  ^  D  and  Pharma- 

copeial  Preparations,  In^  Histology  and  Microtechnique, 
rXwTV^vX  &  Illustrations,  tnany 
original,  ju2d  Edition. 
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TAVERA.  Medicinal  Plants  of  the  Philippines.  $2.00 

WHITE  AND  WTLCOX.  Materia  Medica,  Pharmacy,  Pharma¬ 
cology,  and  Therapeutics,  5th  American  Edition.  Revised  by 
Retxold  W.  Wilcox,  m.a.,  m.d.,  ll.d.,  Professor  of  Clinical 
Medicine  and  Therapeutics  at  the  New  York  Post-Graduate 
Medical  School.  Cloth,  $3.00 ;  Leather,  $3.50 

‘'The  care  with  which  Dr.  Wilcox  has  performed  his  work  is 
conspicuous  on  every  page,  and  it  is  evident  that  no  recent  drug 
possessing  any  merit  has  escaped  his  eye.  We  believe,  on  the 
whole,  this  is  the  best  book  on  Materia  Medica  and  Therapeutics 
to  place  in  the  hands  of  students,  and  the  practitioner  will  find  it 
a  most  satisfactory  work  for  daily  use." — The  Cleveland  Medical 
Gcueite. 


MEDICAL  JURISPRUDENCE  AND 
TOXICOLOGY. 

REESE.  Medical  Jurisprudence  and  Toxicology.  A  Text-Book 
for  Medical  and  Legal  Practitioners  and  Students.  6th 
Edition.  Revised  by  Hexrt  Leffmaxx.  m.d. 

...r  ^  Cloth,  $3.00;  Leather.  53.50 

i  J  i  ?tu.  .nt  °*  tpedical  jurisprudence  and  toxicology  it  is 
invaluable,  as  it  is  concise,  clear,  and  thorough  in  everv  respect.” 
The  American  Journal  of  the  Medical  Sciences. 

MANN.  Forensic  Medicine  and  Toxicology.  Illus.  $6.50 

Me“orSnda,  of  Poisons.  Their  Antidotes  and  Tests. 
9th  Edition,  by  Dr.  Hexrt  Leffmaxn.  Just  Ready.  .75 

MICROSCOPY. 

CARPENTER.  The  Microscope  and  Its  Revelations.  8th 
Edition,  Revised  and  Enlarged.  S17  Illustrations  and  23 

Cloth.  $8.00;  Half  Morocco,  $9.00 

GREENISH.  Microscopical  Examination  of  Foods  and  Drurrs 
Illustrated. 

LEE-  Microtomist’s  Vade  Mecum.  \  Handbook  of 

EdlS?  E^larSd.rOSCOPiCal  A“*tomy-  887  Articles.  Sth 
OERTEL.  Medical  Microscopy.  A  Guide  to 

Medical  Microscopy,  including  Chapters  on  Bacteri- 

nSssi 

SBKaBSSlRBSSE-  Assays® 

miscellaneous. 

bSton  Dr^0fThyr0idGlan<L  m^ratad.  $4.00 

SSS  1Uuslra^1  3d  Edition.  $150 

COHEN^  Organotherapy.  CW*.  TAem peuiU 

Tabetic  Ataxia.  Illustrated  m 

"E&  “-us  Addresses  ^and 

$2.00 
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GOULD.  Biographic  Clinics.  The  Origin  of  the  Ill-Health  of 
DeQuincy,  Carlyle,  Darwin,  Huxley,  and  Browning.  Just 
Ready.  SI. 00 

GREENE.  Medical  Examination  for  Life  Insurance.  Ulus. 

With  colored  and  other  Engravings.  2d  Edition.  In  Press. 
HAIG.  Causation  of  Disease  by  Uric  Acid.  The  Pathology  of 
High  Arterial  Tension,  Headache,  Epilepsy,  Gout,  Rheuma¬ 
tism,  Diabetes,  Bright’s  Disease,  etc.  5th  Edition.  S3.00 

HENRY.  A  Practical  Treatise  on  Anemia.  Half  Cloth,  .50 
NEW  SYDENHAM  SOCIETY’S  PUBLICATIONS.  Circulars 
upon  application.  Per  Annum,  $8.00 

OSGOOD.  The  Winter  and  Its  Dangers.  .40 

PACKARD.  Sea  Air  and  Sea  Bathing.  .40 

RICHARDSON.  Long  Life  and  How  to  Reach  It.  .40 

SCHEUBE.  Diseases  of  Warm  Countries.  Illustrated.  Just 
Ready.  $8.00 

TISSIER.  Pneumatotherapy.  See  Cohen ,  Physiologic  Thera - 
peutics,  page  17. 

TURNBULL.  Artificial  Anesthesia.  4th  Ed.  Illus.  $2.50 
WEBER  AND  HINSDALE.  Climatology  and  Health  Resorts. 
Including  Mineral  Springs.  2  vols.  Illustrated  with  Colored 
Maps.  See  Cohen ,  Physiologic  Therapeutics ,  page  17. 

WILSON.  The  Summer  and  Its  Diseases.  -40 

WINTERNITZ.  Hydrotherapy,  Thermotherapy,  Phototherapy, 
Mineral  Waters,  Baths,  etc.  Illustrated.  See  Cohen ,  1  hysio- 
logic  Therapeutics ,  page  17. 

NERVOUS  DISEASES. 

DERCUM.  Rest,  Suggestion,  Mental  Therapeutics.  See  Cohen, 
Physiologic  Therapeutics,  page  17.  , 

GORDINIER.  The  Gross  and  Minute  Anatomy  of  the  Centra 
Nervous  System.  With  271  Sheep.  *7  00 

trations.  «i  on 

GOWERS.  Syphilis  and  the  Nervous  System.  *  . 

GOWERS.  Manual  of  Diseases  ^  J?®  many  parts 

Complete  Text-Book.  RevlseT4f1,^1r1^fn<i’  Two  volumes. 
Rewritten.  With  many  new  I  q*  l  £ord.  3d  Edition, 
Vol.  I.  Diseases  of  the  Nerves  and  0o  ;  sheep.  S5.00 

Enlarged.  .  -  ~  A  rV'mial  Nerves;  General  and 

Vol,  II.  piseaBesorthe  Bramand  Crania  ^  ^  Sheep>  $5.00 

GOWERS  Epilepsy'* ud  Other  Chrooio  Couvulsi.e  Disege, 

HORSLEY^Th,  Br.iu  ““ 

OSS™”  System.  Sh  Woo,  E„, 


gravings. 
PERSHING, 
trated 


Diagnosis  of  Nervous  and  Mental  Diseases, 
traiea.  .  r_rta:n  Allied  Conditions. 

WOOD.  Brain  Work  and  Ov 


$1.00 

Illus- 

$1.25 

Their 

$2.00 

.40 
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NURSING  (see  also  Massage). 

Special  Catalogue  of  Books  for  Nurses  sent  free  upon  application . 

CANFIELD.  Hygiene  of  the  Sick-Room.  A  Book  for  Nurses 
and  Others.  Being  a  Brief  Consideration  of  Asepsis,  Anti¬ 
sepsis,  Disinfection,  Bacteriology,  Immunity,  Heating  and 
Ventilation,  and  Kindred  Subjects  for  the  Use  of  Nurses  and 
Other  Intelligent  Women.  SI. 25 

CUFF.  Lectures  to  Nurses  on  Medicine.  3d  Edition.  $1.25 

DAVIS.  Bandaging.  Its  Principles  and  Practice.  163  Original 
Illustrations.  $  1 . 50 

DOMVILLE.  Manual  for  Nurses  and  Others  Engaged  in  At¬ 
tending  the  Sick.  9th  Edition.  With  Recipes  for  Sick-room 
Cookery,  etc.  Jn  Press. 

FULLERTON.  Obstetric  Nursing.  5th  Ed.  41  Illus.  $1.00 

FULLERTON.  Surgical  Nursing.  3d  Ed.  69  Illus.  $1.00 

GROFF.  Materia  Medica  for  Nurses.  With  Questions  for  Self- 
Examination.  2d  Edition,  Revised  and  Improved.  Just 
Heady.  $1.25 

HADLEY.  General,  Medical,  and  Surgical  Nursing.  A  very 
Complete  Manual,  Including  Sick-room  Cookery.  91.25 

HUMPHREY.  A  Manual  for  Nurses.  Including  General 
oilt  physiology.  Management  of  the  Sick-room,  etc. 

24th  Edition.  79  Illustrations.  S1.00 

STp?^'  The  ,HJ8iene  of  the  Nursery.  Including  the  General 
Kegimen  and  heeding  of  Infants  and  Children,  and  the  Domes¬ 
tic  Management  of  the  Ordinary  Emergencies  of  Early  Life, 

TrMDrn!veT,C'  6th  Ed,tlon-  25  Illustrations.  '  SI. 00 

TEMPERATURE  AND  CLINICAL  CHARTS.  See  page  25 

V0u™s«ioS.,8'c*'  H“si°s- Second  Editum- 

OBSTETRICS. 

^TARNIER.  Midwifery.  With  Appendix  bv 
dSS;  ofTp  6  Theory  an<?  Practice  of  Obstetrics,  including  the 
Diseases  of  I  regnancy  and  Parturition,  Obstetrical  Operations, 
etc  8th  Edition.  Illustrated  by  colored  and  other  fuU-Daire 
Plates,  and  numerous  Wood  Engravings.  P  K 

EDGAR  Tert-Hr.AU  E1?th,  $4.50 ;  Full  Leather,  $5.50 

w-ivps. 

Jefferson  Medical  Coli^g?  ^ VusTratioS.1111041  °bstetrics- 

WINCKEL.  Text-Book  of  •  T‘89:  Interleaved,  SI. 00 

■nd  Therapeutics  of  the 

BLACK  M  n  PATHOLOGY. 

BLlcKBURN^^r  a' M  l°TTl  °‘ 

for  the  Use  of  Hospitals  foMlio1  In  Ua  °f  fut°Psies  Designed 
fhtio,,,.  Tell 
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C0?115;  T5M*JV?ai  of  PataoK>g7-  Inrinding  Bacteriology.  Tetfc- 
me  of  Post-Mortems.  Method-  of  Pathologic  Rese&reL.  etc 
330  must  rations,  7  Colored  Plates.  3d  Edition.  fAJAs 

DA  COSTA.  Clinical  Hematology.  A  Practical  Guide  to  tie 
Examination  of  the  Blood.  Six  Colored  Plates  and  4*  EGm.— 
nations.  Cloth.  35.00:  Sbeep,  35-00 

LAZARU 5-BARLOW.  Pathological  A  rat- — i  y  w  ,?*.  7  (VLy^s 
Plates  and  171  other  Blast  rat  ions.  *  36.50 

MarlEOD.  The  Pathology  of  the  Skin.  Colored  and  cthe- 
Dlnstiidons.  J  net  Ready.  %oX/0 

ROBERTS.  Gynecological  Pathology.  Illustrated.  36.00 

THAYER.  Coopend  of  General  Pathology.  Ulostrated- 
______  _  ,  .  -SO:  Interleaved.  31 J00 

THAYER.  Compend  of  Special  Pathology.  Eiustrated. 

.  ,L, .  _  -SO:  Interleaved.  31.00 

VIRCHOW.  Post-Mortem  Examinations.  3d  Edition.  .75 

WHTTACREL.  Laboratory  Text-Book  of  Pathology.  With  121 

Illustrations.  *  31.50 


PHARMACY. 

Spedcl  Caiclogve  of  Book*  on  Pharmacy  *eni  free  upon  appiicaicmu 

C03LENTZ.  Manual  of  Pharmacy.  A  Complete  Tert-Bc\>k  by 
the  Professor  in  the  New  York  Colleee  of  Pharmacy.  2d  Ed.. 
Revised  and  Enlarged.  437  Dins,  Cloth,  S3. 50;  Sheep.  $4.50 

COBLENTZ.  Volumetric  Analysis.  Illustrated.  $1^5 

BEASLEY.  Book  of  3100  Prescriptions.  Collected  from  the 
Practice  of  the  Most  Eminem  Physicians  and  Surgeons — Eng¬ 
lish,  French,  and  American.  A  Compendious  History  of  the 
Materia  Medics.  Lists  of  the  Doses  of  all  the  Officinal  and  Es¬ 
tablished  Preparations,  an  Index  of  Diseases  and  their  Rem>e- 
dies.  7th  Edition.  $2.00 

BEASLEY.  Druggists*  General  Receipt  Book.  Comprising  a 
Copious  Veterinary  Formulary.  Recipes  in  Patent  and  Pro¬ 
prietary  Medicines,  Druggists’  Nostrums,  etc.:  Perfumery  and 
Cosmetics.  Beverages.  Dietetic  Articles  and  Condiments.  Trade 
Chemicals*  Scientific  Processes*  and  many  Useful  Tables. 
10th  Edition.  $2.00 

B  EASLEY. _  Pharmaceutical  Formulary.  A  Synopsis  of  the 
British.  French,  Gern.ar.,  and  United  S:a:es  Pharmacopoeias. 
Comprising  Standard  and  Approved  Formula?  for  the  Prepara¬ 
tions  and  Compounds  Employed  in  Medicine.  12th  Ed.  $2.i>0 

GREENISH.  Microscopical  Examination  of  Foods  and  Drugs. 
Illustrated.  /*  Prws. 

PROCTOR.  Practical  Pharmacy.  3d  Edition,  with  lllusftratiotts 
^>1  Elaborate  Tables  of  Chemical  Solubilities,  etc.  $3a\ 

ROBINSON.  Latin  Grammar  of  Pharmacy  and  Medicine.^  $d 
Edition.  With  elaborate  Vocabularies.  $1,75 

-AYRK.  Organic  Materia  Medica  and  Pharmacognosy,  An 
Introduction  to  the  Study  of  the  Vegetable  Kingdom  and  the 
^  ege table  and  Animal  Drugs.  Comprising  the  botanical  and 
Physical  Characteristics,  Source.  Constituents,  and  Pharma- 
oopeial  Preparations,  Insects  Injurious  to  Drugs,  ana  1  r.ar- 
macal  Botany.  With  sections  on  Histology  and  Micrv^teca- 
ttique.  bv  W.  O.  Stevens,  374  Illustrations.  Second  HMa 

aoth,  $4.50 
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SCOVILLE.  The  Art  of  Compounding.  Second  Edition,  Re¬ 
vised  and  Enlarged.  Cloth,  $2.50 

STEWART.  Compend  of  Pharmacy.  Based  upon  “  Reming¬ 
ton’s  Text-Book  of  Pharmacy."  5th  Edition,  Revised  in 
Accordance  with  the  U.  S.  Pharmacopoeia,  1890.  Complete 
Tables  of  Metric  and  English  Weights  and  Measures. 

T  a  urn  a  tut  ^  .  -80;  Interleaved,  $1.00 

T  A  VERA.  Medicinal  Plants  of  the  Philippines.  $2.00 

UNITED  STATES  PHARMACOPOEIA.  7th  Decennial  Revision. 
Cloth,  $2.50  (Postpaid,  $2.77);  Sheep,  $3.00  (postpaid,  $3.27); 
Interleaved,  $4.00  (postpaid,  $4.50) ;  Printed  on  one  side  of 
page  only,  unbound,  $3.50  (postpaid,  $3.90). 

Select  Tables  from  the  U.  S.  P.  Being  Nine  of  the  Most  Impor¬ 
tant  and  Useful  Tables,  Printed  on  Separate  Sheets.  .25 

POTTER,  handbook  of  Materia  Medica,  Pharmacy,  and  Thera¬ 
peutics.  600  Prescriptions.  9th  Edition. 

Cloth,  $5.00 ;  Sheep,  $6.00 

PHYSIOLOGY. 

■etoS?  An  Elementary  Cl.es  Book. 

BRaIdAEnlLHC°Tnd  °\  Ph^iology.  llth  Edition,  Revised 
and  Enlarged.  lUus.  Just  Ready.  .80;  Interleaved,  SI. 00 

JONES.  Outlines  of  Physiology.  96  Illustrations.  SI  50 

a— oSsrS 

printed  in  colors.  ’  8  5  Ulus.,  many  of  which  are 

SILRLMG  E'r  meaK  oi  Huma"  Physiolosy.  100  Blue.  $1.00 

Kd  EwSntL'phSo^S.1?'  Chen,- 

Practical  Medicine.  3dPEditionSy’289  nfPt°laf  Reference  to 
TYSON  r„n  rw  .  •  °n-  289  Illustrations.  S2.00 

TYSON.  Cell  Doctrine.  Its  History  and  Present  State.  S1.50 


Edition, 0EnlSd^Smitr?ted.WatUre  and  Treatmentjsi  2d 
-  °f  D‘SeaSe 


F^mith  M*^fCtioe  °f  Medi«ne 

oMITH,  M.D.  2  volumes. 


4th  Edition,  by  P.  H.  Pye- 
Vol.  I,  $6.00;  Vol.  II,  $6.00 


FOWLFP  tn*  a*  Vo^‘  $6.00; 

writers.*  MEnSp^dia^^Medicme.  By  various 

Cloth,  $3.00;  Half  Morocco,  $4.00 
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GOULD  AND  PYLE.  Cyclopedia  of  Practical  Medicine  and 
Surgery.  A  Concise  Reference  Handbook,  with  particular 
Reference  to  Diagnosis  and  Treatment.  Edited  by  Dub. 
Gould  and  Pyle,  Assisted  by  72  Special  Contributors.  Illus¬ 
trated,  one  volume.  Large  Square  Octavo,  Uniform  with 
1 ‘Gould's  Illustrated  Dictionary." 

Sheep  or  Half  Mor.,  SI 0.00;  with  Thumb  Index,  SI  1.00 
Half  Russia,  Thumb  Index,  SI 2.00 
Complete  descriptive  circular  free  upon  application. 

GOULD  AND  PYLE'S  Pocket  Cyclopedia  of  Medicine  and  Sur¬ 
gery.  Based  upon  the  above  and  Uniform  with  “Gould's 
Pocket  Dictionary."  Full  Limp  Leather,  Gilt  Edges,  Round 
Corners,  $1.00;  with  Thumb  Index,  $1.25. 

HUGHES.  Compend  of  the  Practice  of  Medicine.  6th  Edition, 
Revised  and  Enlarged. 

Part  I.  Continued,  Eruptive,  and  Periodical  Fevers,  Diseases 
of  the  Stomach,  Intestines,  Peritoneum,  Biliary  Passages, 
Liver,  Kidneys,  etc.,  and  General  Diseases,  etc. 

Part  II.  Diseases  of  the  Respiratory  System,  Circulatory 
System,  and  Nervous  System;  Diseases  of  the  Blood,  etc. 

Price  of  each  part,  .80;  Interleaved,  $1.00 
Physician's  Edition.  In  one  volume,  including  the  above  two 
parts,  a  Section  on  Skin  Diseases,  and  an  Index.  6th  Re¬ 
vised  Edition.  625  pp.  Full  Morocco,  Gilt  Edge,  $2.25 

TAYLOR.  Practice  of  Medicine.  6th  Edition.  $4.00 

TYSON.  The  Practice  of  Medicine.  By  James  Tyson,  m.d  , 
Professor  of  Medicine  in  the  University  of  Pennsylvania.  A 
Complete  Systematic  Text-book,  with  Special  Reference  to 
Diagnosis  and  Treatment.  2d  Edition,  Enlarged  and  Revised. 
Colored  Plates  and  125  other  Illustrations.  1222  pages. 

Cloth,  $5.50;  Leather,  $6.50 


STOMACH.  INTESTINES. 

FENWICK.  Cancer  of  the  Stomach.  Just  Ready.  .  S3.00 

HEMMETER.  Diseases  of  the  Stomach.  Their  Special  Pathol¬ 
ogy,  Diagnosis,  and  Treatment.  With  Sections  on  Anatomy, 
Analysis  of  Stomach  Contents,  Dietetics,  Surgery  oftheStom- 
ach,  etc.  3d  Edition,  Revised.  With  15  Plates  and  41  other 
Illustrations,  a  number  of  which  arem  colony .  gheep>  $700 

HEMMETER.  Diseases  of  the  Intestines.  Their  Special  Path- 
ology,  Diagnosis,  and  Treatment.  With  Sections  < m  Anatomy 
and  Physiology,  Microscopic  and  Chemic  Examina  .  . 

testinal  Contents,  Secretions,  Feces  and  l  rme, 

Bacteria  and  Parasites,  Surgery  of  the } ntt,ltlp^?Ared  Plates 
Diseases  of  the  Rectum,  etc.  With  Full-pageColored  Plates 
and  many  other  Original  Illustrations.  2  volu  •  g6  qq 
Price  of  each  volume,  Cloth,  $5.00,  Sheep,  fco.uu 


SELIN. 

BULKLEY.  The  Skin  in  Health  and  Disease.  th'o£ 

CROCKER.  Diseases  of  the  Skin.  .Pl^S^SereS^to  the 
ogy,  Diagnosis,  and  Treatment,  with  Specia  ,  .  Revised. 
Skin  Eruptions  of  Children.  3d  Edition,  ThoroughlyRe^ 
With  New  Illus.  Just  Ready.  Cloth,  $5  00  Sheep,  »o 
MacLEOD.  The  Pathology  of  the  Skin.  Colored  an.  ^.  0(J 
Illustrations.  Just  Ready. 
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SCHAMBERG.  Diseases  of  the  Skin.  3d  Edition,  Revised  and 
Enlarged.  10G  Illustrations.  Being  No.  1G  ?  Quiz-Compend? 
geries  Cloth,  .80;  Interleaved,  $1.00 


VAN  HARLINGEN.  On  Skin  Diseases.  A  Practical  Manual 
of  Diagnosis  and  Treatment,  with  Special  Reference  to  Differ¬ 
ential  Diagnosis.  3d  Edition,  Revised  and  Enlarged.  With 
Formulae  and  GO  Illustrations,  some  of  which  are  printed  in 
colors.  $2.75 


SURGERY  AND  SURGICAL  DISEASES 
(see  also  Urinary  Organs). 

BERRY.  Diseases  of  the  Thyroid  Gland.  Illustrated.  $4.00 

BUTLIN.  Operative  Surgery  of  Malignant  Disease.  2d  Edi¬ 
tion.  Illustrated.  Octavo.  $4.50 

CASPER  AND  RICHTER.  Functional  Kidney  Diagnosis.  $1.50 
DAVIS.  Bandaging.  Its  Principles  and  Practice.  163  Original 
Illustrations.  $1.50 

DEAVER.  Surgical  Anatomy.  A  Treatise  on  Human  Anatomy 
in  its  Application  to  Medicine  and  Surgery.  With  about  500 
very  handsome  full-page  Illustrations  Engraved  from  Original 
Drawings  made  by  special  Artists  from  Dissections  prepared 
for  the  purpose.  Three  volumes.  Royal  Square  Octavo. 
By  Subscription  only.  Now  Ready. 

Half  Morocco  or  Sheep,  $24.00;  Half  Russia,  $27.00 
DEAVER.  Appendicitis  :  its  Symptoms,  Diagnosis,  Pathology, 
Treatment,  and  Complications.  Elaborately  Illustrated  with 

Colored  Plates  and  other  Illus.  3d  Edition.  Preparing. 

DOUGLAS.  Surgical  Diseases  of  the  Abdomen.  Illustrated 
by  20  Full-page  Plates.  In  Press. 

DULLES.  What  to  do  First  in  Accidents  and  Poisoning.  5th 
Edition.  New  Illustrations.  $1.00 

FULLERTON.  Surgical  Nursing.  3d  Ed.  69  Illus.  $1.00 
HAMILTON.  Lectures  on  Tumors.  3d  Edition.  $1.25 

HEATH.  Minor  Surgery  and  Bandaging.  12th  Edition,  Re¬ 
vised  and  Enlarged.  195  Illus.,  Formulae,  Diet  List,  etc.  $1.50 
HEATH.  Clinical  Lectures  on  Surgical  Subjects.  Second  Series. 

$2.00 

HORWITZ.  Compend  of  Surgery  and  Bandaging.  Including 
Minor  Surgery,  Amputations,  Fractures,  Dislocations,  Surgical 
Diseases,  etc.,  with  Differential  Diagnosis  and  Treatment.  5th 
Edition,  very  much  Enlarged  and  Rearranged.  167  Illus.,  98 
formulae.  Cloth,  .80;  Interleaved,  $1.00 

JACOBSON.  Operations  of  Surgery.  4th  Ed.,  Enlarged.  550 
Illus.  Iwo  volumes.  Cloth,  $10.00;  Leather,  $12.00 

KEAY.  Medical  Treatment  of  Gall-Stones.  $1.25 

KEHR.  Gall-stone  Disease.  Translated  by  William  Wotkyns 
Seymour,  m.d.  ^2  50 

MAKINS.  Surgical  Experiences  in  South  Africa.  1899-1900. 
Illustrated.  £4  qq 

^YLARD.  Surgery  of  the  Alimentary  Canal.  97  Illustrations. 
2d  Edition,  Revised.  «*o 
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MOULLIN.  Text-Book  of  Surgery.  With  Special  Reference  to 
Treatment.  3d  American  Edition.  Revised  and  edited  by 
John  B.  Hamilton,  m.d.,  ll.d.,  Professor  of  the  Principles  of 
Surgery  and  Clinical  Surgery,  Rush  Medical  College,  Chicago. 
B23  Illustrations,  many  of  which  are  printed  in  colors. 

Cloth,  §6.00;  Leather,  S7.00 

SMITH.  Abdominal  Surgery.  Being  a  Systematic  Description 
of  all  the  Principal  Operations.  224  Illustrations.  6th  Edi¬ 
tion.  2  volumes.  Cloth,  $10.00 

VOSWINKEL.  Surgical  Nursing.  Second  Edition,  Revised  and 
Enlarged.  Ill  Illustrations.  $1.00 

WALSHAM.  Manual  of  Practical  Surgery.  7th  Ed.,  Revised 
and  Enlarged.  483  Engravings.  950  pages.  $3.50 

TEMPERATURE  CHARTS,  ETC. 

GRIFFITH.  Graphic  Clinical  Chart  for  Recording  Tempera¬ 
ture,  Respiration,  Pulse,  Day  of  Disease,  Date,  Age,  Sex,  Occu¬ 
pation,  Name,  etc.  Printed  in  three  colors.  Sample  copies 
free.  Put  up  in  loose  packages  of  fifty,  50  cts.  Price  to 
Hospitals,  500  copies,  $4.00;  1000  copies,  $7.50. 

KEEN’S  Clinical  Charts.  Seven  Outline  Drawings  of  the  Body, 
on  which  may  be  marked  the  Course  of  Disease,  Fractures, 
Operations,  etc.  Each  Drawing  may  be  had  separately, 
twenty-five  to  pad,  25  cents. 

SCHREINER.  Diet  Lists.  Arranged  in  the  form  of  a  chart. 
With  Pamphlets  of  Specimen  Dietaries.  Pads  of  50.  .75 

THROAT  AND  NOSE  (see  also  Ear). 

COHEN.  The  Throat  and  Voice.  Illustrated.  .40 

HALL.  Diseases  of  the  Nose  and  Throat.  2d  Edition,  Enlarged. 

Two  Colored  Plates  and  80  Illustrations.  $2.75 

H0LL0PETER.  Hay  Fever.  Its  Successful  Treatment.  $1.00 
KNIGHT.  Diseases  of  the  Throat.  A  Manual  for  Students. 
Illustrated.  Nearly  Ready . 

KYLE  (J.  J.).  Diseases  of  the  Ear,  Nose,  and  Throat.  A  Com- 
pend  for  Students.  Illustrated.  .80;  Interleaved,  $1.00 
McBRIDE.  Diseases  of  the  Throat,  Nose,  and  Ear.  With  Col¬ 
ored  Illustrations  from  Original  Drawings.  3d  Ed.  $7.00 

POTTER.  Speech  and  its  Defects.  Considered  Physiologically, 
1  athologically,  and  Remedially.  $1.00 

URINE  AND  URINARY  ORGANS. 

ACTON.  The  Functions  and  Disorders  of  the  Reproductive 
Organs  in  Childhood,  Youth,  Adult  Age,  and  Advanced  Life, 

Considered  in  their  Physiological,  Social,  and  Moral  Relations, 
otn  Edition.  $1.75 

CASPER  AND  RICHTER.  Functional  Kidney  Diagnosis.  $1.50 
HOLLAND.  The  Urine,  the  Gastric  Contents,  the  Common 

Poisons,  and  the  Milk.  Memoranda,  Chemical  and  Micro- 
scopical,  for  Laboratory  Use.  Illustrated  and  Interleaved, 
utu  Edition.  $1.00 

KLEEN.  Diabetes  and  Glycosuria.  $2.50 
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SUBJECT  CATALOGUE. 


MEMMINGER.  Diagnosis  by  the  Urine.  2d  Edition.  24  Illus¬ 
trations.  SI. 00 

MORRIS.  Renal  Surgery,  with  Special  Reference  to  Stone  in  the 
Kidney  and  Ureter  and  to  the  Surgical  Treatment  of  Calculous 
Anuria.  Illustrated.  $2.00 

MOULLIN.  Enlargement  of  the  Prostate.  Its  Treatment  and 
Radical  Cure.  2d  Edition.  Illustrated.  $1.75 

MOULLIN.  Inflammation  of  the  Bladder  and  Urinary  Fever 

Octavo.  $i.5(j 

SCOTT.  The  Urine.  Its  Clinical  and  Microscopical  Examina¬ 
tion.  41  Lithographic  Plates  and  other  Illustrations.  Quarto. 

Cloth,  $5.00 

TY.S°N:  .  Guide  to  Examination  of  the  Urine.  For  the  Use  of 
Physicians  and  Students.  With  Colored  Plate  and  Numerous 
Illustrations  engraved  on  wood.  10th  Edition,  Revised,  En- 
larged,  and  partly  Rewritten.  With  New  Illustrations.  Just 
ileaay.  $1  50 

VAN  NUYS.  Chemical  Analysis  of  Urine.  39  Illus.  $1.00 

VENEREAL  DISEASES. 

GOWERS.  Syphilis  and  the  Nervous  System.  $1.00 

ST7thRIfvt;p?  «C  hBp  Manual  of  Venereal  Diseases. 

7th  Revised  and  Enlarged  Edition.  12mo.  $1.25 


VETERINARY. 


Sis 


JACOBSON.  The  Operations  of  Surgery.  By 

W.  H.  A.  Jacobson,  f.r.c.s.,  Surgeon  to 
Guy’s  Hospital ;  Consulting  Surgeon  Royal 
Hospital  for  Children  and  Women ;  and  F. 
J.  Steward,  f.r.c.s.,  Assistant  Surgeon 
Guy’s  Hospital.  Fourth  Edition-Revised, 
Enlarged,  and  Improved.  550  Illustrations. 
Iwo  Volumes,  Octavo,  1524  pages. 

Cloth,  $10.00;  Sheep,  $12.00 
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BLAKISTON’S  ?QUIZ-COMPENDS? 

The  Best  Senes  of  Manuals  for  the  Use  of  Students. 
Price  of  each.  Cloth.  .80.  Interleaved,  for  talring  Jfotes,  Si  00 
,  impends  are  based  on  the  most  popular  text-b.  ks 

renstti.  so  tnat  they  may  thoroughly  represent  the  hresentsUtf 
erf  the  subjects  upon  which  they  treat.  The  autho^haVeV«"1 
^ree  experience  as  Quiz-Master?  and  attaches  of  exrfw!^!^. 
well_ acquainted  with  the  wants  of  student!" 
m  t be  mast  approved  form,  thorough  and  conc;^e  cocLtin'-up 
““**  IOCK,  mostrations  and  lahogxa^  plateTiL^ned^^^ 
bet^d  IO  fdvantage.  Can  be  used  by  students  of 
0*3?  coLege.  The\  contain  information  nowhere  else  collected  in 
such  a  condensed,  practical  shape. 

5o.  1.  POTTER.  HUMAN  ANATOMY.  Sixth  Edition.  117 

Illustrations  and  16  Plates  of  Nerves  and  Arteries. 

5o.  ^  HXJGmES.  PRACTICE  OF  MEDICINE.  Part  L  Sixth 
Edition,  Enlarged  and  Improved. 

5o.  ^  HUGHES.  PRACTICE  OF  MEDICINE.  Part  IL  Sixth 
Edition,  Revised  and  Improved. 

So.  4-  BRUBAKER.  PHYSIOLOGY.  Eleventh  Edition.  Ulus. 
Yo.  5.  LANDIS.  OBSTETRICS.  Seventh  Edition.  52  Hlus. 

5o*  MATERIA  MEDICA,  THERAPEUTICS.  AND 

PRESCRIPTION  SUITING.  Sixth  Revised  Edition. 

7-  WELLS.  GY Y ECOLOGY’.  Third  Edition.  140  IUt^. 

5o GOULD  AND  PYLE.  DISEASES  OF  THE  EYE.  Second 
Edition.  Refraction.  Treatment,  Surgery,  etc.  109  Ulus. 

^  9*  HORWITZ.  SURGERY.  Including  Minor  Surgery, 
Hanlaging,  Surgical  Diseases.  Differential  Diagnosis  and 
Treatment.  Fifth  Edition.  With  9S  Formulae  and  71  Illus¬ 
trations. 

Yo.  to.  LEFFMANN.  MEDICAL  CHEMISTRY.  Fourth  Edi- 
Including  U rinalysis.  Animal  Chemist ry,  Chemistry 
of  Milk,  Blood,  Tissues,  the  Secretions,  etc. 

”•  STEWART.  PHARMACY.  Fifth  Edition.  Based  upon 
Prof.  Remington’s  Text-Book  of  Pharmacy. 

Ho-  BALLOU.  VETERINARY  ANATOMY  AND  PHYSI¬ 
OLOGY.  29  graphic  Illustrations. 

So-  13.  WARREN.  DENTAL  PATHOLOGY  AND  DENTAL 
MEDICINE.  Third  Edition,  Illustrated. 

**  *4-  HATFIELD.  DISEASES  OF  CHILDREN.  3d  Edition. 
Xo.  15-  THAYER.  GENERAL  PATHOLOGY.  7S  Illus. 

5o-  16,  SCHAMBERG.  DISEASES  OF  THE  SKIN.  Third 
edition,  Revised  and  Enlarged.  106  Illustrations. 

So.  17.  CUSHING.  HISTOLOGY.  Illustrated.  /*  Prw*. 
*°.  18.  THAYER.  SPECIAL  PATHOLOGY.  34  Illustrations. 
*°.  tO-  KYLE.  DISEASES  OF  THE  EAR,  NOSE,  AND 
THROAT.  Illustrated.  I* 


DA  COSTA 


Clinical  Hematology 


A  Practicd  Guide  to  the  Examination  of  the  Blood  bv 
Clinical  Methods.  With  Reference  to  the  Diagnosis  of 
Disease.  With  Colored  Illustrations.  Cloth,  $5.00 

***  A  new,  thorough,  systematic,  and  comprehensive 
work,  ns  purpose  being,  first,  to  show  how  to  examine  the 
blood,  and  second,  how  to  diagnose  from  such  examination 
diseases  of  the  blood  itself  and  general  diseases.  The 
author’s  aim  has  been  to  cover  not  alone  the  field  of  original 
research,  but  to  supply  a  book  for  the  student,  the  hospital 
physician  and  the  general  practitioner.  It  will  be  found 
wanting  in  none  of  these  respects. 


OERTEL 


Medical  Microscopy 

JUST  READY 


a  guidejtq  diagnosis,  ELEMEN- 

T A R Y  LABORATORY  METR ODS^ 

A  N  D 


tty  I.  E.  Oertel,  M.D., 

Professor  of  Pathology  and  Clinical  Microscopy,  Medical  Depart 
ment,  University  of  Georgia.  P 


WITH  131  ILLUSTRATIONS. 
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Cloth,  #2.00 


The  Pocket  Cyclopedia,  of 
Medicine  and  Surgery 

Full  Limp  Leather,  Round  Corners,  Gilt  Edges,  $1.00 
With  Thumb  Index,  $125 

Uniform  <w iih  44  Gould's  Pocket  Dictionary  9f 


A  concise  practical  volume  of  nearly  600 
pages,  containing  a  vast  amount  of  infor¬ 
mation  on  all  medical  subjects,  including 
Diagnosis  and  Treatment  of  Disease, 
with  Formulas  and  Prescriptions,  Emer¬ 
gencies,  Poisons,  Drugs  and  Their  Uses, 
Nursing,  Surgical  Procedures,  Dose  List 
in  both  English  and  Metric  Systems,  etc. 

By  Drs.  Gould  and  Pyle 

Based  upon  their  large  “Cyclopedia  of 
Medicine  and  Surgery 


***  This  is  a  new  book  which  will  prove  of  the  greatest 
value  to  students.  It  is  to  the  broad  field  of  general  medi¬ 
cal  information  what  i  ‘Gould’s  Pocket  Dictionary  is  to 
the  more  special  one  of  definition  and  pronunciation  of 
words.  The  articles  are  concise  but  thorough,  and  arranged 
in  shape  for  quick  reference.  In  no  other  book  can  be 
found  so  much  exact  detailed  knowledge  so  conveniently 
classified,  so  evenly  distributed,  so  methodically  grouped. 
It  is  Multum  in  Parvo .  Sample  Pages  Free. 
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A  NEW  EDITION 


Crocker  on  the  Skin 


The  Diseases  of  the  Skin.  Their  Description,  Pathology, 
Diagnosis,  and  Treatment,  with  Special  Reference  to  the 
Skin  Eruptions  of  Children.  By  H.  Radcliffe  Crocker, 
M.D.,  Physician  to  the  Department  of  Skin  Diseases,  Uni¬ 
versity  College  Hospital,  London.  With  new  Illustrations. 

Third  Edition,  Rewritten  and  Enlarged 

OCTAVO.  JUST  READY ;  CLOTH,  $5.00 


***  This  new  edition  will  easily  hold  th*  h;,rh 


STURGIS— MANUAL  OF 
VENEREAL  DISEASES 


vLl *TORG'S:  M:°"  Clinical  Professo, 


pages. 


;e.  !2mo.  216 

Cloth,  $1.25 
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FOR  THE  DISSECTING  ROOM 


Holden’s  Anatomy — Seventh  Edition 
320  Illustrations 

A  Manual  of  the  Dissections  of  the  Human  Body.  By  John 
Langton,  f.r.c.s.  Carefully  Revised  by  A.  Hewson,  m.d., 
Demonstrator  of  Anatomy,  Jefferson  Medical  College,  Phila¬ 
delphia,  etc.  320  Illustrations.  Two  small  compact  vol¬ 
umes.  l2mo. 

Vol.  I.  Scalp,  Face,  Orbit,  Neck,  Throat,  Thorax,  Upper 
Extremity.  435  pages.  153  Illustrations. 

Oil  Cloth,  $1.50 

Vol.  II.  Abdomen,  Perineum,  Lower  Extremity,  Brain, 
Eye,  Ear,  Mammary  Gland,  Scrotum,  Testes. 
445  pages.  167  Illustrations. 

Oil  Cloth,  #1.50 

Each  volume  sold  separately. 


Hughes  0Li\d  Keith  —  Dissections 
Illustrated 

A  Manual  of  Dissections  by  Alfred  W.  Hughes,  m.b., 
m.r.c.s.  (Edin. ),  late  Professor  of  Anatomy  and  Dean  of 
Medical  Faculty,  King’s  College,  London,  etc.,  and  Arthur 
Keith,  M.D.,  Joint  Lecturer  on  Anatomy,  London  Hospital 
Medical  College,  etc.  In  three  parts.  W  ith  527  Colored 
and  other  Illustrations. 

I.  Upper  and  Lower  Extremity.  38  Plates,  116  other 

Illustrations.  Cloth,  $3.00 

II.  Abdomen.  Thorax.  4  Plates,  149  other  Illus- 

trations.  Cloth,  $3.00 

III.  Head,  Neck,  and  Central  Nervous  System.  16 
Plates,  204  other  Illustrations.  Cloth,  $3-°° 

Each  volu?ne  sold  separately. 

*  *  The  student  will  find  it  of  great  advantage  to  have 
a  ‘^Dissector 99  to  supplement  his  regular  text-book  on 
anatomy.  These  books  meet  all  requirements,  and  as  they 
can  be  purchased  in  parts  as  wanted,  the  outlay  is  small. 
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EDGARS 

OBSTETRICS 

A  NEW  TEXT -BOOK 


The  Illustrations  in  Edgar’s  Ob¬ 
stetrics  surpass  in  number,  in  artistic 
beauty,  and  in  practical  worth  those 
in  any  book  of  similar  character.  They 
are  largely  from  original  sources,  are 
made  to  a  scale,  and  have  been  drawn 
by  artists  of  long  experience  in  this 
class  of  medical  work. 

The  Text  has  been  prepared  with 
great  care.  The  author’s  extensive  ex¬ 
perience  in  hospital  and  private  prac¬ 
tice  and  as  a  teacher,  his  cosmopolitan 
knowledge  of  literature  and  methods, 
and  an  excellent  judgment  based  upon 
these  particularly  fit  him  to  prepare 
what  must  be  a  standard  work 


